Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



^rujxkiddc 



\ si 




■..i*'i^* 




?o— . 



%. 



^ruJixAcsddr 






I I 

a. • 



I' ■.''\ 




ELECTRICITY IN DAILY LIFE 



^ 




X*'W 



^ ^. >-. 



ELECTRICITY IN DAILY LIFE 



A POPULAR ACCOUNT OF THE APPLICATIONS 
OF ELECTRICITY TO EVERY DAY USES 



BY 



GYRUS P. BRACKETT 

FRANKLIN LEONARD POPE 
JOSEPH WETZLEK • 
HENRY MORTON 



HERBERT LAWS WEBB 
W. 8. HUGHES, U.8N. 
JOHN MILLIS, U.S.A. 
A. E. KENNELLY 



CHARLES L. BUCKINGHAM 



M. ALLEN STARR, M.D. 



WITH ONE HUNDRED AND TWENTY-FIVE ILLliST^A.YlONS' ' 



• • . 






NEW YOEK 

CHARLES SCRIBNER'S SONS 

1891 






• • • 

• 9* t 



* • •• • 

• * •• • 






• •••• • I 



• • 



• •• 






• • 






• • 



• • • '•• 







COFTIUOHT, 1890, BT 

CHARLES SCRIBNER'S SONS. 



PreM of J. J. utUe it Oo, 
A»tor Place. New York. 



CONTENTS. 



ELECTRICITY IN THE SERVICE OP MAN 



BY C. F. BRACKETT, 
Henry Professor of Physics in Princeton, College, 

The Age of Electricity — First Use of the Term ** Electrical" — Two Kinds 
or Electrification — Conductors and Insulators — The Action of Induc- 
tion — How TO Determine Difference of Potential — Volta's Discovert 
—The Importance' of Ohm's Law — What is Electrolysis ? — Experiment 
IN THE Magnetic Field— How to Construct an Electro-magnet — Prin- 
ciples Underlying the Dynamo Machine — What is a Transformer ? — 
Operation of a Storage Battery — Fundamental Units of Electrical 
Measurement — Use of the Tanoet-galvanometer — The Practical Unit 
OP Electromotive Force — Electricity as a Source of Energy. 



THE ELECTRIC MOTOR AND ITS APPLICATIONS 81 

BY FRANKLIN LEONARD POPE, 
Pasi President of the American Institute of Electrical Engineers. 

Faraday's First Motor — Experiments of Amp£:re and Araoo— The Great Elec- 
tro-magnet OF Professor Joseph Henry — Early Attempts at Electro- 
magnetig Engines — Professor Jacobus Boat — The Electrostatic Coil 



yiii CONTENTS. 

IiryE5TBD BT Dr. Paob— His Elbctric Logomotiyb of 1851 — Henrt*8 P&k- 
Dicnox — ^Thb First Production of an Electric Current by Mechanical 
Power — Evolution of the Dynamo — Gramme's Machine — Reyiyal of Inter- 
est IN Electric Railways — Siemens*s Locomotive — ^Experiments of Field 
AND Edison — Leo Daft*s First Railway in Operation — Otuer Appuca- 
TiONs OF the Motor — Possibilities of Qrrat Speed. 



THE ELECTRIC RAILWAY OF TO-DAY 68 

BY JOSEPH WETZLER, 
EdUor of the ''Electrical Engineer,"* New y<Frl 

Early Attempts at Electric Motors — Why They were Failcres^Importancs 
of the Continuous-current Dynamo— The Berlin Exposition Railway of 
1879 — ^Threb Methods of Applying the Current to the Motor— Construc- 
tion of the Truck — The Overhead-wire System — IIow the Trolley is 
Attached— Methods of Suspending the Wires — Single and Dol3Le 
Poles — Sliding Contact — ^The Cnderground Conduit System — The Stor- 

AGE-BATTERY SySTEM — ADVANTAGES OP ElECTRIC StREET RAILWAYS OVER ALL 

Other Plans — Comparative Cost of Construction — Statistics for the 
United States — Electric Railways in Mines — Telpherage — High Spkrd 
Expkeounts — ^Future Possibilities. 



ELECTRICITY IN LIGHTING 95 

BY HENRY MORTON, 
PttMefU of the Stevens Institute of Teehnotogy. 

Sim Humphry Davy*s Production of an Electric Light in 1806 — Ingenious 
Mechanism for Regulating the Carbons — Faraday's Discovery of Mao- 
nio-ELBCTRic Induction — Pixifs Machine, 1832 — The Alliance Dynamo— 
Gbammr's Armature Ring — The Construction of a Modern Armatui 



CONTENTS. ix 

PAAI 

Thi Jablochkopp Cahdli — Other Detices is Amc Lights — Hard Carbon 
lOR Ijccandescejit Lights — ^The Starr-Kino Lamp of 1845 — Edison's Pla- 
TDrux Lamp— Experiments of Dr. Crookes with Platinum Wire in a 
Vacuum — Description of an Incandescent Lamp Factory — Systems for 
the Distribution of Electricitt— T^i Series, Multiple-arc. and Three- 
wire Methods — Use of the Conyxrter — Disooyerhs of Faurb and PLAnri 
— Storage Batteries. 



THE TELEGEAPH OP TO-DAY. 138 

BY CHARLES L. BUCKINGHAM, 

« 
^aUeni Attorney and Counsel for the Western Union Telegraph Company, 

The Beginnings of the Electric Telegraph — Significant Discoveries from 
Davy to Henry — Importance of the Morse Alphabet — Efforts to In- 
crease THE Carrying Capacity of the Wire — Farmer's Multiple-syn- 
CHRONOUS System — The Duplex Reduced to Practical Form in 1872 — Expla- 
nation OF ITS Principles — The Diplex and Quadruplex — Theory of the 
Multiple-harmonic — Bain's Chemical Automatic Telegraph — Why an 
Automatic System Cannot be more than an Auxiliary — Fac-similb 
Telegraphy — Type-printing Machines— The Siphon Recorder for Sub- 
marine Cables — Locating Breaks in a Cable— Telegraphing from a Mov- 
ing Train — Static Retardation. 



THE MAKING AND LAYING OP A CABLE 173 

BY HERBERT LAWS WEBB, 
Assisiant JSleetrieian, Metropolitan Telephone Company, New York, 

Ths World's Submarine Telegraph System — ^Two Hundred Millions of 
Capital Inybsted — The Great Cable Fleet — Unique Life on a Cable Ship 
— ^A Typical Voyage — How the Cable is Made — The Test for Leakage — 
Shifmxnt of the Cable — Ix the Tank — The Preparations Concluded^ 



CONTENTS. 

Sailiso Awat — As Interesting Bodt of Mem — EsoiifBEiia at Work— Land- 
INU THK Shore Esd — A Cable Hut — Pavcng Out — In tbe TEaTiNO-BOOM 
— Scene on Deck — Buoting the End at Sea — On the Way to the Cana- 
BiES — As Ocean Subvbi^The Sounding Machine — DiscovKft* of a Subma- 
BiNE Mountain — Eecefmon at Las Palkas — A Spuce — A Double Disaster 
— Qbjppliho fob a Lost Ekd — The Finished Work, 



ELECTRICITY IN NAVAL WARFARE %(. 

BY WAIjTER S. hughes. 
Lieutenant, United Statu Navy. 

Thk FnisT Natal Vbsbbl Lighted by Electbicity — Satisfactort Test oh a 
TintEE-YKAKs' Cbuisb — TuE Seabch-ught — How CoxarBUCTED, Mounted, 

AND OPEaATED STATIONARY SEARCU-UOUTS — SIGNAIJ.ISU OVEB GbEAT DIS- 
TANCES — The Device of the United States Natt fob Morse Sionals— Safe 

RUNNINH LlOHTS SVBKABtNE ILLUMINATION — ThE ElBCTBIC ToRPEDO DB- 

tector — QuN Sights Illuminated at Night — Firing Biq Cannon by Elec- 
tricity — BurxBiP LooB — SsAiL Motors on Men-of-war— Important Serticg 
IS PsoMUJSo " Fish " Torpedobs — Application of Electricity to Dynamite 
Cruisers— An Electrical Range Fisdsh — Teleubaphing at Sea — Elec- 
trical Steering Gear. 



ELECTRICITY IN LAND WARFARE 219 



Firrt Li'euleniiri 



BY JOHN MILLIS, 
, Corpn of Entjineen, United Slalei Army. 



Imtention Mitigating the Evils of War — Shorter Conflicts, but More Sbtkkb 
— Application of Elbctbic Devices to Military Pubposbs — The Initial 
Velocity op a Projectile Determined hy an Electric Curosooraph — The 
Bore of Labge Guns Esahineu by Incandescent Lamps — Photoqbafh of 
A Plyino Bullet by Electric Liuht — The Electbical Tabget— The Field 
Telegraph is Militabt Operations — The Telephone on BATTLE-nELDs — 
Uses of the Captive Balloon— Siosallisq by SEABCB-LiaaTs — Electmo 
Exploders for Guns and Mines — A Battery in the Shell of a Dtsamitk 
Qus — Submarine Mines — Torpedoes Electbically Sterred from Shore, 



CONTENTS. XI 

pAsa 

ELECTRICITY IN THE HOUSEHOLD 289 

BY A. E. KENNELLY, 
EUetrieian of Mr. Thomas A, Edison's Laboratory. 

Gkherjll Adoption of Electric Household Appliances — The Bell — Ck)MPLi« 

GATED ANyUNCLLTOR SYSTEMS — AUTOMATIC REGULATION OF TEMPERATURE — 

Electric Fire-alarm Ststem — A Door-opener— The Regulation of Clocks 
— Electric Time-detector — The Telephone on Large Estates — Domestic 
Uses op the Incandescent Light — A Means of Decoration — Illuminated 
Fountains — Convenient Arrangement of Lights and Wires — The Hand 
Gas-igniter — Small Motors for Household Uses — Electric Fans, Pumps, 
Lawn-mowers, Shoe-poushers — The Phonograph — Electric Horticulture 
— Heating by Electricity — Plan of Wiring a House. 



ELECTRICITY IN EELATION TO THE HUMAN BODY.. 261 

BY M. ALLEN STARR, M.D., 
Professor of Nervous Diseases^ College of Physicians and Surgeons^ New York, 

Extra YAOANT Claims for Electricity as a Curative Agent — Three Forms op 
Electrical Energy — Frictional Electricity — Its Effect on the Human 
Body — No Curative Power in an Electrical Breeze — A Gentle Stimulant 
to Circulation — Electricity as a "Mind Cure" — Voltaic Electricity — 
Catalytic Effects of a Current on the Human Body — An Aid to Nutri- 
tion — Necessary Precautions — Cataphoric Action — How Cocaine may be 
Appued — ^Electrotonic Effects — Use of an Interrupted Current in Pa- 
ralysis — Sensations Produced — Important Service in Localizing Brain 
Functions — Death by Electricity — A Less Offensive Mode of Execltion 
than Hanging — Faradism — Worthless Magnetic Appliances — Electrical 
Instruments — The Probe and Cautery. 



LIST OF ILLUSTRATIONS. 



FULL-PAGE ILLUSTRATIONS. 

pAoa 
The Edison Phonograph, Fronttapieee 

Current Produced by Conductor Revolving in the Field of a Powerful 

Electro-magnet, 17 

Faraday Announcing his Discovery to his Wife on Christmas Morning, 1821, 88 

Main Operating-room of the Western Union, New York, .... 189 

Landing the Shore-end of a Cable, 185 

Using the Search-light on a Battle-field, 281 



ILLUSTRATIONS IN THE TEXT. 



2 



Otto Gericke, 

Sir Humphry Davy, 8 

Inslxated Metallic Spheres, Showing Inductive Action, .... 5 
Inslxated Metallic Spheres, Electrified by Contact with Charged Cokduc- 

tor and by conduction, 6 

Electrometers for Measuring Difference of Potentl^l, .... 7 

Thomson's Quadrant Electrometer, 8 

TOEPLER-IIOLTZ ELECTRICAL MaCIIINE, 

VoLTA, Inventor of the Voltaic Pile, 10 

Two Forms of Electrolytic Apparatus, ... • . • 18 



xiT ILLUSTRATIONS IN THE TEXT. 

The MAONKnc Fikld, as Indicated bt Ieov Filikgs, • • . . • 15 

Ikduction Coils, for Pboducihg Curbekts op High Potential bt Induction, 21 

Gauss and Weber, 28 

Resistance Coils, Remoted from Box, 29 

Wheatstone's Balance, used for Comparing Resistances, . . • • 80 

Andr^ Marie AMPiRE, • • . 82 

Barlow's Spur-wheel Motor, 85 

Professor Joseph Henrt*s Electro-magnetic Motor, 86 

Professor Joseph Henrt, 87 

Sturgeon's Electro-magnetic Engine, 38 

Dr. Charles Grafton Page, 89 

Arago, 43 

Br. Werner Siemens, 48 

The Van Defoele Electric Motor, 50 

A Street-car Propelled by as Electric Motor, 51 

The Sprague Motor Running an Elevator, 54 

Motor Attached to a Sewing-machine, 55 

Electric Tramway for Hauling Freight, used in a Sugar Refinery, . 56 

Edison's Menlo Pare Electric Locomotiye, 1880, 65 

Plan Showing Principles of Operating the Overhead System of Electric 

Railways, 66 

Sprague Electric Motor Attached to a Street-car Truck, ... 68 

Overhead Wires for Double-track Road, Suspended on a Single Line of 

Ornamental Poles, 72 

System of Overhead Wires Suspended from Poles on opposite Sides of 

THE Street, 73 

Poles with Single Arms for Suburban Roads, 74 

The Double- wire, Continuous Metaluc Circuit System, .... 76 
The Bentley-Knight Underground Conduit System, Showing Cross-section 

OF Track Conduit and Truck, 78 

The Storage-battery System — Car of the Julien Electric Traction Co., 81 

" Electric Locomotive for Traffic on Elevated Railroads, . , 89 

D. Field's Motor, 90 



ILLUSTRATIONS IN THE TEXT. . XT 

Pias 
Tbx Gltnde, England, Telpherage Line, on the System op the Lite 

Fleemino Jenkin, .OS 

The Weems Ststem for a High-speed Electric Railway, ... 08 

Pixifs Magneto-electric Machine, 1882, 98 

An Alliance Dynamo used in the South Foreland Light-house, 1856, . 99 

Magneto-Electric Machine of Dr. Werner Siemens, .... 101 

The Wilde Machine, 101 

Moses G. Farmer, 103 

TnioPHiLE Gramme, 108 

Section op a Gramme Armature Rino, Showing Its Construction, • • 104 

Workmen Building up the Armature Core of a Modern Dynamo, • . 105 

Winding an Armature, , . . 107 

Finishing an Armature, 108 

Field Magnets and Frame, without Armature, ...... 109 

A Complete Dynamo — Armature in Place, 110 

The Jablochkofp Candle, 113 

A Central Brush Dynamo Station, 114 

Hell Gate Light, New York, before it was Abandoned, .... 115 

The Starr-King Incandescent Platinum Lamp, 1845, .... 117 

Edison's First Incandescent Platinum Lamp, 119 

Dr. J. W. Draper's Plan for an Incandescent Platinum Lamp, 1847, . 119 

Maxim's Incandescent Platinum Lamp, 130 

Edison's Platinum Lamp on Column Support, 1879, 121 

Edison's Paper Carbon Lamp, 121 

Dr. William Crookes, F.R.S., 122 

Sealing the Glass Socket and Carbon Filament into the Flask of an 

Incandescent Lamp, 125 

The Process of Exhausting the Air from Incandescent Lamps, . . 126 

The Hoosac Tunnel Lighted by Glow Lamps, 127 

Method of Attaching Glow Lamps to the Walls of the Hoosac Tunnel, 128 

An Alternating Current Dynamo and Exciter, 131 

Converter or Transformer, used with an Alternating Current, . , 133 

Camille a. Faure — Inventor of a Storage-battery System. , . . 134 



xvi • ILLUSTRATIONS IN TEE TEXT. 

Page 

Room in the Factoey of the Electeical Accumulatoe Company, . . 136 

The Modeen Moese Teleoeaph, • • 143 

UndeeIside of tue Switchboaed foe 2,000 Wiees, 144 

The Duplex System, foe Simultaneously sending two Messages, one in 

EACH DiEECTION, ON A SiNOLE WiEE, * . . 147 

Linemen at Woek, 148 

The Diplex System, 150 

DiAGEAM of the Quadeuplex Teleoeaph, 151 

S. F. B. Moese, 152 

Sending Coffee Quotations ovee Tickee Ciecuit, 154 

Stock Quotations as Received on the Scott Tnsteument, .... 155 

Specimen fbom the Edison Stock Peintee, 155 

Kieenan's News Tape, 156 

Peefoeating Messages to be Sent by the Wheatstone System, . . 157 
Specimen of Pekfoeated Slip for Sending Message by the Wheatstone ; 

SAME Message as Received, 157 

Type-peinting Telegeaph for Distributing Quotations and News on Short 

Lines, 159 

Telegram as Received by the Phelps Motor Printer, 160 

The Siphon Recorder for Receiving Cable Messages, .... 161 

Cable Message as Received by a Siphon Recorder, 161 

Locating a Break in an Atlantic Cable, ... ... 162 

Section of Cable, Chafed and Torn by an Anchor, . . . .163 

Barnacles on a Cable, 164 

Diagram Showing the Method of Telegraphing from a Moving Train by 

Induction 166 

Train Telegraph, 167 

Interior of a Car on the Lehigh Valley Railroad, Showing the Method of 

Operating the Train Telegraph, 168 

Check Girls > ^Iollect and Distribute Messages, .... 170 

Paying-out C ^it, feom Chaet House, 181 

A Cable Buoy, • 100 

Sounding Machine • . 192 



ILLUSTRATIONS IN THE TEXT xvii 

Pags 

Patinu-out Gear, from Stern Baulks, 194 

Cable-hut at Shore-end 197 

Ship of War's Search-uoht, 25,000 Candle-power, ... . 205 

Sectional View of Ship's Search-ught, 206 

Yarrow Torpedo-boat "Bmpong," Showing Search-light, . 207 

Ship's Apparatus for Night-Siqnalung by Electricity, .... 208 

Arrangement of Electrical ''Running Lights" for Ships, . . . 209 

Captain McEvoy's Torpedo Detector, 210 

Ship-of-war Using her Search-lights, 212 

Torpedo-boat Electrical Plant, 214 

Revolving Deck Tubes for Yarrow Torpedo-boats, .... 215 

Deck-plan op Yarrow Torpedo-boat, 217 

Measuring the Velocity of a Cannon-ball by Electricity, . . . 228 

Running the Wires of a Field Telegraph, 227 

Telegraphing Military Observations from a Captive Balloon, . . 229 

Torpedo Explosion under Ice, 234 

A Mine Explosion during an Advance, 235 

The Sims-Edison Electric Torpedo, Steered from the Shore, . . 238 

An Electrical Call, 240 

Sewing-machine Run by Electricity, 250 

The Electrical Fan, . 251 

Plan of Wiring a House for its Various Electrical Appliances, . . 257 



ELECTRICITY IN THE SERVICE OF MAN. 

By C. R BRACKETT. 

The Age op Electricity— Fiest Use op the Term "Electrical" — Two Kinds of 
Electrification — Conductors and Insulators — The Action op Induction — 
How to Determine Difference of Potential — Volta's Discovery — The 
Importance of Ohm's Law — What is Electrolysis ? — Experiment in the 
Magnetic Field — How to Construct an Electro- Magnet— Principles Un- 

DESLYING the DyNAMO MACHINE — WhaT IS A TRANSFORMER ? — OPERATION OF ▲ 

Storage Battery— Fundamental Units of Electrical Measurement — Use op 
the Tangent-Galvanometer— The Practical Unit of Electromotive Force 
— Electbicity as a Source of Energy. 

ELECTRICAL phenomena liave now come to be such important 
factors in the daily administration of human affairs that the age 
in which we are living may, with a certain propriety, be called the 
age of electricity, just as former ones have been called, respectively, the 
ages of stone, bronze, and iron. 

It may be taken for granted that the curiosity or interest of every 
reader of this book will prompt him to inquire, if he has not already 
done so, how the mysterious agent which we call electricity is brought 
under control and directed so as to perform the almost infinitely varied 
service which is now exacted of it In fact, almost everv industrv and 
art is either so dependent upon, or influenced by, its application that no 
one, whatever his pursuit, can ignore tiiem and yet hope to attain a 
foremost place. 

It is the purpose of this chapter to set forth, in a general way, some 
of the common methods in accordance with which the more imp 
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electrical pheDoiueua are produced, the laws which these phenome^ 
reveal, and the principles involved in tbe measurement of electrioj 
quantities. Wh:it I shall have to say will he concerning principtifl 
which will lie fully ajiplled in the course of chapters which are i 
follow. 

The tenn electriail was first employed in ItiUO, by Dr. Gilbert, 1 




Otto <iHUCKi.F«(ruuii*<R*v~^MiMi"f^jjm'i''C''''™'7 

designate the attraction which amber (^Af xrpo?') and other BiibstaiK 
of its class exhibit when rubbed and presented to light bodies, snch 4 
bits of pith or paper. Tliis term and its corresponding substantf 
have been everywhere adopted in reference to the phenomena i 
about to consider. 







I If a piece of amber, or resin, aod a piece of glass be rubbed to- 

• Sir Humphry Davy was one of the ("ttrlieat ami most 6m«Bss(ul iuvesl-igBtcw ol 
'» ol the elMlric current. 



4 ELECTRICITY IN THE SERVICE OF MAN. 

gether and then separatee!, they are no longer indifferent to eacli other 
as before, but each attracts the other. In this condition the bodies are 
both said to be electrified^ or charged with electricity. Evidence of this 
condition is easily secured by suspending one of the charged bodies so 
that it can move freely, and then presenting the other. An electric 
charge may be communicated Xo bodies which have not been rubhi^, 
on merely bringing them in contact with one which is already electri- 
fied. For example, a light ball of pith suspended by a silken thread 
will be charged by such contact, and it can then serve as an electro- 
scope ; that is, it can be employed as a means of detecting the electric 
condition of any body to which it may be presented.* A light straw, 
balanced so as to tarn freely on a fine point, may serve the same pur- 
pose. 

If the pith -ball electroscope be presented to one of the two rubbed 
bodies just mentioned, say the glass, it will be attracted to it, and after 
remaining in contact with it for a short time, it will be repelled. If, 
now, it be presented to the other body it will be attracted. The two 
forces being oppositely directed in the two cases, as respects the charged 
bodies, we have a sufficient justification for saying that there are two 
kinds or stat<?s of electrification, and it is sometimes said that there are 
two kinds of electricity. The latter statement, however, must be un- 
derstood to be only a convenient mode of expression which does not 
imi)ly any knowledge of the nature of electricity itself. 

Electricians have adoi)ted the language of mathematics, and they 
accordingly speak of one stnte of electrification as positive and of the 
other as negative, making the convention that the electrification, or the 
charge, which glass presents when rubbed with silk shall be r^arded 
as positive. 

When nietiils, and moist bodies which are not metallic, are held \n 
the hand and rubbed, they do not show any signs of electrification. 
Such bodies, however, may be electrified by rubbing, if the precaatioa 

* Gericke was the first to observe repulsion between electrified bodies, and the in* 
▼entor of the first electrical machine, about 1600. 



roNDUCTOUS AND INSULATORS. 

^ taken to support them by ineaoa of glass, resin, or, in short, W any 

which call be electrified by frictiDii while held in the hand. A 

io sphere, tor example, Bupported by a glass rod, may be strongly 

^ed by whipping it smartly with a piece of dry ilannel. 

Suppose two metallic spheres so supported, and joined by means of 

I metallic wire, ns below, while somewhat remote from eatrh other. If 

of them be struck a few times willi dry flannel, both spheres will be 
\ charged in the same setise. If, now. either of the sphert.^9 or the 

which joins them be 

niched with the finger, the 

eleotrificalion of the 

f«tein disappears. The wire 

t tilts case ia said to conduct 

Ktricity from one sphere to 

I other, or when touched, 

I together with the person of 

B experimenter, conducts the 

riectricity to the earth. All 

•dies which can act in this 

aro c a 1 led conductors. 

Iircads of silk, rods of glass, 

g was, and the like can- 

1 net in this way, and hc- 
■dingly they are callwl non- 

jpdaotors or iimulalora. 

\ There remains to be described another wuy of producing the charged 
I of insulated conductors. If one of two insuJatod metallic 
s be charged by means of friction, and then !je brought near the 
1 latter will show signs of both electrificnlions at the same 
i« — the remoter portion being chargetl in the same sense as the 
jtinally charged borlv. This action of the oae body on the other 
|cn1Ied induction. K while this action is manifest the two spheres 
J' separated from each other, the sphere which was originally 
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cbargeil will retain its cliai'ge, but t!ie oilier will not If the spbe: 
be brought near together again, iiiductioti will take place as before. 
wbeii this is doDc, the sphere which is subject to iiKluclive action 1 
touched with the finger, it will appear to be entirely discharged, 
removing it from the influence of the inducing sphere, however, it v 
be found to be chai^ged in the opposite sense. In this way it ma_y 1 





between tbem. If the bixliea are comlucU>rs, auil i£ they be brought in 
coDiaot, either directly or mediately, by means of a thini conductor, a 
distribution of vltvtriuity will t-ake place, and they will then be at 
BBame potential. 

Difference of potential may l>e determined by weighing the atlrao- 
ktn which a charged metallic plate of known dimensions can exert 
ion another plate at a definite distance from it An arrangement 




utable to exhibit the method i^ shown at the right in the illustratioa, 

%t the left is shown an electrometer, designed to accomplish the same 

i more conveniently and accuraiely. The attracting plates are in the 

irior of the apparatus, and the force is ineaauretl indirectly by means 

t snitnble springs. 

Electrical machines are only more or less convenient contrivances 
^producing great differences of electrical potential by means of frio- 
a or inductive action as above, [See Toepler-Holtz Machine.] 
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The laws of electrical attraction and repulsion thus far consideredj 
maybe briefly stated thus: Unlike electricitiea mutually attract, andl 
like electricities mutually repel. Tbe attractions or repulsions are pro-1 
portional, directly, -to tbe product ot the numbers wliicb denote thei 
quantities of the electricities concerned, and inversely to tbe square of I 
the number of units wliicb measure the distance between tbem. 

At the very beginiiiuff uf tbe present century. Volta, stimulated byl 




Galvani's reuciii ■.li.-.u:.!.t: ■, .1. .■..-.■^. 1.^ t..!...: ■ ..mtu^il L'lectricity,. . 
invented the "pile" and tbe "crown of cups," We now speak of anj^ 
equivalent arrangement as a voltaic battery. Without attempting t 
trace out tbe path of discovery and inventioa pursued by Volta, it wiin 
be sulRcieot for our purpose it we make clear the general coustruction 
and action of such an apparatus. * 

IE a plate of ziuc and a similar one of copper be nearly immers 
in water containing a little sulphuric acid, which may be held i 
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suitable vessel, no noteworthy action will be appareni so long as the 
metals do not touch; but if thev be brought in contact, or be joined 
by means of n conductor, bubbles of hydrogen gas will at once appear 
on the surface of the copper, and the zinc will more or lesa rapidly dis- 

Ilve to form zinc sulphate with the acid. 
If the plates be separatai, and the portion of the zinc which remains 
ove the liquid be tested with a very delicate electroscope, it will be 




t\%dj.^ 



found to be charged with negative electricity, and in like manner the 
corresponding portion of the copper plate will be found to be charged 
ilh positive electricity. These charges are very feeble when coin- 
with those which we can produce by even slightly rubbing a glass 
Tod with a piece of silk. Volta, however, showed that in order to make 
these charges more evident wo have only to combine the actions of sev- 
eral such arrangements as we have just Jescribed. by joining the zinc 
at vessel with the copper in the second, and the zinc in the 
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second with the copper in the third, and so on. In this way tl 
charges on the terminal plates, or ehctrodes, aa they are called, tin 
be increased to any extent The difference of potential between tl 
electrodes is awribed to the action of a so-called eleclrontolive jh 




arising from the interactiona o[ the different siibstaneea employed id f 
construction of the batlery, and having its analogy in the pre 
which causes liquids to flow along through pipes. If a condad 
wire join the electrotles or terminal plates of metal, a current o/ela 
will flow through it and thronph the batierv, that is, tlir 
metalH and the liquids, which, with the wire, constitute a closed circnin 
The inUmsilij or strength of the current will depend on the magnitn^ 
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of the acting electromotive force, and on the resistance offered to it by 
the entire circuit; and investigation shows that it is directly propor- 
tional to the former and inversely proportional to the latter. This re- 
lation is known as Ohm's law. It is of fundamental importance in both 
science and engineering. 

When a voltaic battery, such as we have described, is put in action 
by closing its circuit, the intensity of the current rapidly falls off. This 
is due to the fact that a counter electromotive force is set up, by the 
hydrogen liberated on the copper plates, which reduces the electromotive 
force at first acting. This defect, which is common to other forms of 
voltaic batteries, may be more or less perfectly obviated in various ways. 
Motion may be given to the plates, whereby the gas will be detached ; 
the plates may be made rough, so as to prevent the strong adhesion of 
the gas ; but it is better to employ sonic exciting liquid which will not 
liberate any gaseous product in \\.» action, such as copper sulphate, in- 
the composition of which copper takes the place of hydrogen in the 
sulphuric acid. In case this salt of copper is emploved, it is easy to so 
arrange the battery that the copper plate shall constantly receive a de- 
posit of bright metallic copper, and so be kept free from adverse action. 
In the well-known Grove's form of voltaic battery the copper is re- 
placed by platinum, a metal on wliich the strongest acids do not act, 
which is placed in a cup of unglazetl porcelain containing strong nitric 
acid. This cup, with its contents, stands in the vessel which contains 
the zinc plate and the dilute sulphuric acid. The nitric acid is em- 
ployed to supply oxygen which can unite with the hydrogen as rapidly 
as it is set free, and thus the platinum plate is kept in the most favor- 
able condition, and counter electromotive force is avoided. 

If we wish to study some of the effects which may be produced by 
means of the battery current, we may employ with advantage a battery 
of ten or twelve Grove's cups joined in series, that is, the zinc of the 
first cup joined to the platinum of the second, and so on. A conduct- 
ing wire should be joined to the platinum of the first c 
to the zinc of the last cup. 
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If the two wires be brought in contact and tbeD separated, s 
bright spark will be seen when the contact is broken. The brilliancy 
oi the spark will be much increasetl if the wires are wrappei! around 
small pencils of hanl carbon, and then the latter brought in contact and 
afterward separatetl. If the ditTerence of potential between the wirei 
be increased by the employment of a series of cupa amounting to for^ 
or fifty, the current will continue to flow even when the pencils of 
carbon are separated to a distance of two or three millimetres. The 
carbon pencils will then be heated to an intense whiteness, and a light 
of dazzling brilliancy will be producerl. This is the well-known ant 
liijht BO generally employed in public lighting. The expense and in* 
convenience attending the use of any form of battery, however, is so 
great that other means are generally resorted to to supply the electrift 
current, as will presently appear. 

. If the carbon pencils used for the production of light be replacoc 
by strips of platinum, and if the latter be plunged into water con^ 
taining olwut one-tenth its bulk of sulphuric acid, hydrogen will 1 
abundantly liljerated from the platinum connected with the zim 
electrode of the battery, and oxygen, amounting very exactly to hall 
the volume of the hydrogen, will be liberated from the platinum coit 
nected with the platinum electroda Chemical solutions of the metah 
may, in like manner, be decomposed by the action of the eurreo^ 
If any conducting body replace the platinum strip connected witj 
the zinc electrode, it may be covered with silver, gold, nickel, or othei 
metal, by employing the proper solution of the metal instead c 
the acidulated water. This action of the current is called electrolysu 
and it is largely employel in the arts in the operations of electro 
plating, electro-metallurgy, etc, as well as in the laboratory in cbemicj 
analyses. 

Faraday, in the course of a masterly investigation, proved that fl 
given amount of electricity passing through the electrolyte, as the sola 
tion to be decomposed is calie<l, always sets free a definite amount of i! 
constituents. He also showed tliat when the current passes through 
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tveral electrolvtes arranged in series, tbe constituents liberated in any 
e of thero will be proportional to the combining weights o£ tbe con- 
tituents, respectively. 

Varioos forms of electrolytic apparatus are employed. Those repre- 
sented in the accompanying illustralion are examples. 

It will be seen that this law of Faraday gives us the means of com- 
paring one current witb another, or of comparing any 
^■BDrreat with a standard current defineil in any way 
^Bvliicb may be chosen. 
^B If, while the electrical current is 
^Bh>^ng through a wire, a delicately 
^Kpoised magnetic needle be carried about 
it, the needle will tend to place itself at 
right angles to the general direction of 
the wire. It may be easily shown 
that the region about tbe wire is 
magnetic rt^on, coni- 
pnly called a Tnagiidic 
In order to do this, 
I wire may be made to 
vertically through a 
Sieet of smooth paper 
which is held in a hori- 
zontal position. If, then, i i, c. 

while the current is pass- _„ t"°„°""', °' '""°''"' =■'"'""■ 

ing, Bome iron filings be «i.'cir<jij»i« of w«i«. 

sprinkled over the paper, and the latter be gently tapped, so as to 
, the movement of the filings, they will arrange themselves in 
mcentric circles about the wire. When the current is interrupted 
B r^ion about the wire is no longer a magnetic field, but it may ba 
»red as often aa the current is renewed. This simple experimental 
(lies at the foundation of many electrical appliances with which we 
The magnetic field about a single conducting i 
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boweuer, generally too feeble to serve for many purposes for which Hi 
woulj otherwise be useful. 

In order to strengthen H we may increase the intengitj of the ciir* 
rent which flows through the conducting wire, or we may employ 
eufBcient number of conducting wires whose united actions will pro-, 
duce the deeiretl result Tlie fonner plan is of limited application, 
since very intenw currenta involve great loss of energy in consequena 
of the heal which they develop, and if too intense they will destroy th< 
conductor. In carrying out the latter plan it is easily seen that it is i 
matter of indifference whether one employ many separate conductor^ 
each uniting the electrodea of an independent battery, or so < 
single long conduct^^ir that it aball pass many times through the region 
which it 13 desired to convert into a magnetic field. The most ecouomi 
cal and effective way of proceeding, therefore, is to ooi! the conducts 
into a compact helix or spiral. In op<ler that the current shall travel 
the entire length of the wire composing the helix, it is covered with ai 
insulating material such as cottou or silk thread. If an open space 1 
left in the centre of the helix, this space, as might be expected, is found, 
while a current is flowing, to be a powerful m^netic field. If, now, aq 
iron rod be placed in the helix, it is at once pJwerfuUy magnetized 
Such an apparatus is the well-known electro- in^net which, under on« 
form or another, plays an essential part in a great variety of devices, 
including t!ie telegraph, the telephone, the burglar-alarm, the dynamo 
machine, etc 

Having now a clear idea of some of the more remarkable effi 
which may be producer! by means of the electrical current, we maj 
with advantage consider somo additional means of producing the curren) 
itsell We have just seen that a bar of iron, when placed within i 
helix through the wire of which a current of electricity is flowing, 1 
comea a powerful magnet. Experiment shows, conversely, that if 1 
extremities of the wire constituting the helix be disjoined from Uti 
battery and brought in contact with each other, and if then a powerful 
magnet be thrust back and forth in the helix, a current of olectrica^ 
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of 

i 



will be aet np which will continue to flow so long onlv as tlie motion 

of the magnet onntinues. If n bar ma^st be carrie<l, in the direction 

its length, quite tiirough the Leiix, the current which is induced in 

le helix by this motion will be reversed in direction when the naid- 

'jwinc of the magnet pusses the mid-point of the length of the helix; 

and if the magnet be thrust only halfway through the helix and then 

witbdrawn, the eame result will bepro<hice<L It is plain, tiicn, that we 

set up an electromotive force in a eouduotoi- by merely moving a 

;net with reference to the conductor, and that we can determine the 

tion in which the electromotivt; foivo shall act to produce iti cor- 

iponding current o( 

iricity by our choice 

direction in which ■ 

movement shall be 

Moreover, it is 

I matter of in- 

'erence whether we 

e the magnet or the 

iductor, or botii, so 

as the two change 

r relation to one an- °t ir»i >«)iib upsn thi pai» oi m •iaci.<>-iiiien*i. 

and experiment 

Khowa that the magnitude of the oleclromotive force, and consequently 

that of the electrical current, is also uuder our control It depenils 

the strength of the m^net, on ihe velocity and direction of its 

ition, and on the number of turns of wire in the helix. 

We miglit easily devise a machine operated independently, such as 

steam -enjrine, which would continually thrust a magnet into a helix 

withdraw it, by a reciprocating motion. We shoulil then have a 

.ns of producing currents of electricity which would depend upon 

haiiical power for the energy which must be supplied. For certain 

'poaes the alternating character of the currents so produced would be 

matter of no im|M)rl.!ince. It is not difficult, however, to devise means 
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by which such a machine can automatically change the relations of the 
conductors, in which the currents flow outside of the helix, so that they 
shall flow always in the same direction. Any form of such apparatus 
is properly called a m'ujneto-eiiKirlc macJn'ne, 

In practice, machines of this general character are usually eo con^ 
Btructed as to substitute rotatory for reciprocating motion, for the ob» 
vious reason that such a motion is more easily maintained. In order 
to carry out this plan it is only necessary to place permanently witbia 
the helix a mass of soft iron, which can readily acquire and lose the 
magnetic state on the approach and recession of a magnet, and then 
make a magnet rotate so that its poles shall pass rapidly in succession 
near the mass o£ iron, or, since it is equally efficient, make the helix^ 
together with its iron core, rotate so that it shall be carried rapidly 
through the field due to the magnet In either case the iron core^ 
rapidly acquiring and losing its magnetism, will act precisely as if it 
were a permanent magnet having a reciprocating motion within tho 
helix. 

Obviously the permanent magnet in the apparatus just considered 
may be replaced by an electro-magnet, and better results may be secured, 
since such magnets can easily be made of far greater strength than the 
best permanent magnets possess. The electro-magnet so employed tnay, 
of course, be excited by the current supplie<l by a voltaic battery; but 
this inconvenience may be avoided by the simple device of sending the 
current proiluced by the motion of the helix through the coils of tlu 
electro-magnet, on whose presence the current itself depends, Wbei 
this arrangement is adopted the current which is at first produced on 
setting the apparatus in operation is extremely small, since the eleotro- 
magnot is not then excited to action, and the feeble magnetic field whicl 
it presents ia wholly due to accidental causes. When, however, lh< 
least ctirrent is produced by the motion of the helix, it is made to pass 
through the coils of the electro- magnet, which has its magnetism de>. 
veloped tliereby, and thus presents a more intense field, and this, in 
reacts to increase the current. 
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Sacb are the general principles involved io the construction and 
operation of the di/namo-nuichme. We need ouly add that in practice 
there are several movable coils symmetricaltj disposed about an axis, 
and constituting the armature. It will ihus happen that one or more 
of the coils will always be passing through the most intense portions of 
the magnetic field. The current which is generated when the armature 
revolvea is led away to be utilized by means of conducting wires joined 
to brushes or contact-devices, which are auitjibly held in contact with 
opposite sides of the revolving armature. 

In the dynamo- machine we have an economical means of producing 
the electric current, since the mechanical energy which must be sup- 
plied to it costs less than an equivalent amount of available energy 
ic any other form, and since there is no material contact of the 
working parts of the machine to wear them out. 

The brushes which are applied to the armature are maintained at 
different potentials when the machine is in action. They may, therefore, 
1)6 compared to the terminals of the voltaic battery; and, in short, it 
may be remarked that the relations expressed in Ohm's law hold good 
for the dj'uamo-macbine and its circuit as well as for the battery. 

If the current generated by a dynamo-machine be made to traverse 
tbe circuit of another and similar one, the latter will be set in rota- 
tion, and it will thus be a means of translating electrical energy into 
mechanical energy; in other words, it will become an electric motor, and 
may be employed as any other prime motor would be. Since the con- 
ductors whicb unitfi the machines may be as long as we please, we have 
thus a means of transferring power from one point to another. Obvi- 
ously, however, wo cannot do this in defiance of the law of conserva- 
tion of energy, and as there will always he some energy expended in 
beating the conductors, we can never develop at the distant station aa 
much energy as we expend at tlio transmitting ona 

It is frequently desirable to exchange one current for another oE 
different electromotive force and intensity. The inductive action of the 

rent, through the magnetic field which accompanies its conductor. 
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on Other conductors io its neighlwrhood, affords the meaDs of accoob 
plishing this end. Tbo apparatus by means of which the i-eaiili 
secureil is called the inductorium or iTonsformer. The special arrange- 
meut which is emplojed in any given case depends on the object to 
accomplished. The most common form for use in the physical lal 
rntory is shown in the illustration. It consists of two helices 
insulated wire of such dimensious that one can be placed within the 
other. The interior helix has comparatively few turns of thick wi: 
and encloses a bundle of soft iron roUs. The exterior one often hi 
many thousand turns of thin wire. 

When any change in the strength of the current which is made tft 
pass through the interior helix occurs, a corresponding change tak 
place in the intensity of the magnetic field dependent upon it, and th' 
of course, produces a current in the external helix. The electromotim 
force of this current depends on the number of turns of wire in th( 
helix. We can therefore secure as high electromotive force as we please 
by adding to the number of turns iu the external helix. But evei 
additional turn adds to the resistance and so diminishes the strength ( 
the induced current If we have given a current of high potential v 
may send it through the exterior coil, and with every change in i 
strength we can secure a corresponding current of greater strength buf 
of lower electromotive force. 

In practice the current which is to be transformed is rapidly revei 
or broken and renewed. 

Since, as we have seen, an electric current may be employed to eff( 
chemical decompositions, and since the constituents of an electrolyte 
treated may set up a counter-electromotive force, it is clear that we may 
employ the current produced by the dynamo-machine to set free thi 
constituents of chemical compounds which, on the withdrawal of thi 
decomposing current, will reunite, and in so doing produce a current in 
the reverse sense. Such an apparatus is called a storage-baUery. Thua, 
if two plates of lead which are covered with lead oxide be suspended, 
without touching, in a vessel containing dilute sulphuric acid, and i^., 
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then, a current from the djnamo-niachine be passed through the plates 

and iLrougii the liquid, the plate ix)unected with the illative electrode 

^bf the machiLe will give up its oxygeu to the liquid, while the plate 

^KoDtiected with the positive elwtrode will receive from the liquid an 

^Hijual amount, in addition to that which it possessed at first. On dis- 

^BounectiDg the electrolytic apparatus it m&y itself be employed as a vol- 

^Hftio battery. When conducting- wires from the lead plates are joined, 

a current is set up which coutinites to flow uutii the plates recover the 

condition which they had before the action of the dynamo-current 

Ividenliy this electi-oiylic prix^ess of tjiarging the storage-battery may 




9 repeated as frequently as occasion may demand, the battery being in 
B mean time used for any purpose to which it is suited. 



It remains now to consider, in the most general way, the scheme 
J electriciaus have ailopted for the measurement of electrical quan- 



Since we know nothing of the ultimate nature of electricity, but 
mast admit that it is as much a matter of conjecture as that of gravita- 
tion, it is clear that we can only base our measurements upon the effects 
I it can produce, just as we are obliged to do when dealing with 
e latter agency. Accordingly, we are quite at liberty to express our 
wlia in terms of the same fundam^iltd unils as are employed in physi- 
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cal meaBuremeata in general, and if we do so we shall obviously be abl 
more easily to detect any relations which may exist between electrical' 
atid other pliysical phenomena. 

It may be of service to the reader to define the fundatnental unii 
usually employed, and to point out how these enter into the deri' 
units which must be employed in measuring complex quantities, such 
M velocity, acceleration, force, energy, etc. When once the method ai 
procedure in measuring these quantities is clearly apprehended, there 
will be no difticulty in seeing bow we are to apply it when we have to 
measure other related quantities. 

Only three [undameiital units are needed, and those usually selected 
are the unit of vuias or quantity of matter, the unit of time, and the unit 
ot Ungtii. The unit of mass is the gram ; it is the one one-thousandth 
part o( a standard piece of platinum called the kilogram. Masses arei 
compared with copies of this unit of mass by means of the balancaij 
The unit of length is the cenlimttre [0.S94 inch], or the one one-hun- 
dredth part of the standard metre. The unit of time is the sixoml, or 
the one eighty -six-thousand-four-hundredth part of a mean solar day. 
As the simplest example of a derived uuit may be mentioned that of »i 
enrface, or square centimetra It evidently implies extension in two! 
directions, and into our conception of these extensions the notion of 
length enters. We might, however, adopt an arbitrary standard of 
face as our unit, and when we have occasion to measure a given 8urEa< 
weinight find by actual trial how many times this fitandard unit can 
applie<l to ibe surface so as to completely cover every part of it and 
more. We should thus measure the given surface, but such a measure- 
meot would not he primarily based on a unit of length, and thus we 
should lose sight of important relations. In like manner we might 
adopt arbitrary units of velocity, acceleration, etc, but great difGcalt 
would be involved as well as obvious disadvantages. 

The notion of Telocity implies both a time and a length, and a body' 
moving uniformly in a straight line is said to possess unit velocity when it 
mores over one unit length — one centimetre — in one second. If a par- 
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fele move in a straight line and change its velocity hy one unit of 
^ocity in one second; it has one unit acceUralion. If the particle Iiave 
I Bnit of mass, and be subject to unit acceleration, it is acted on hy oue 
It of force. Change in the motion of a given mass is thus made the 
Ineasure of force, and it will be observed that iLia does not raise any 
i[nestioQ as to the nature of force itself. The unit of force, as just 




ifinM, is calle<l the dijnf. It is obvious that a force may be applied to a 
idy which is not free to move by reason of other forces which are acl- 
\ U[x)n it at the same time. In such cases we Lave recourse to some 
[direct method of determining what amount of motion would occur if 
e body were free to mova 
If a body, by reason of its relations to other bodies, is able to exert 
jl force of one dyne, through one centimetre of space, it has one unit, oj 
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energy, called tlie erg. The energy of a body, or system of bodies, 
defined as its ability to perform icork. Since, then, energy and wo 
are convertible quantities, it is clear that the erg ia the proper unit 
measure for work as well as for energy. 

A familiar illustration nf work is |iresented when a heavy body ii 
raiflod from one level to another, as in building; and every reader ii 
aware liiat in estimating such work both the amount of material rail 
and the height through which it is raised are taken into account Thi 
work is nuinerically equal to the product of these two factors, Thi 
method of estimating work is sufficiently exact to meet tlie require- 
ments of the contractor, but not suiBciently so for the purposes of sci- 
ence, The intensity of the earth's attraction ia not the same at all 
points on its surface, and so it follows that the amount of work whiak 
must be done in order to raise equal masses through the same height ii 
not everywhere the same. It is not difficult, however, iti determine, hf 
means of the pendulum, what acceleration a bixly falling freely will 
subject to at any place. When this is known we can completely specify 
the force which acts on any given mass by taking the product of tb( 
number of unita in the mass by the number of units of acceleratioi 
For New York the acceleration due to gravity is about 980 centimetrf 
per second — that is, a l«xly starting from rest and falling freely wi 
acquire a velocity of 980 centimetres in one second. If, therefore, w 
multiply the number of grams containeit in a given body by 980 w 
have the value of the force acting on the body. This is called, i 
ecientifio language, the loeight of the body. 

Any region in which a mass is acted upon so as to protiuce, or ten 
to pi-oduee, an acceleration is called a field of gravitational force, Ii 
like manner, a region in which a magnet pole is acted upon so as 
produce a similar result is called a field of magnetic force, .ind a r^oq 
in which an electrified body is so acted upon is called a field of electrii 
force. We must not infer, however, from these forms of expression, « 
from what we may imagine respecting the regions to which they ai 
iplied, that there are several kinds of force. The expi-essions are in m 
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sense qualitative, but merely indicate the conditions under which a 
stress will arise such as will tend to produce an accelcmtion in a body. 
Now, the earth itself may be regarded as a great magnet, since it acta 
on magnets just as they act on each other. The earth is accordingly 
accompanied by a magnetic field, of which the intensity varies at 
different pointa, though not according to any established law. The 
intensity, however, of the eartbV magnetic field at any place can be 
ascertained by a method in general similar to that employed in deter- 
mining the intensity of gravitation. 

The ratio of the intensities of the two magnetic fields, the one due 
to the earth, and the other to the action of the current, is detennined 
by the position which a needle, hung free from restraint, assumes uuder 
their joint action. But the intensity of the field due to the current de- 
pends on its strength, on the distance of the needle from the conductor, 
and on the number of times the conductor passes through the region. 
If. then, the conductor be coiled so as to form the circumference of a 
circle, and have its ends accessible bo as to be connected with the 
source of the current, and if a short magnetic needle be so suspended 
that its centre of form shall coincide with the centre of the coil, we 
have all that is essential to a gahanomeler. Of course, such an instru- 
ment would be furnishe<] with a divided circle, or similar device, for 
convenience in determining the position of the needle when under tho 
inSnence of the current to be mea.sured. It may easily be shown that 
the intensiti^ of any two currents are to each other as the tangents of 
the angles of defection from the magnetic meridian which they respect- 
ively canse the needle to makei Hence the instrument is called a Ian- 
gent galvanometer. 
^L By the aid of the tangent galvanometer and the foregoing principles 
^Be can do more than to compare one current with another in terms of 
^The tangents of the angles of deflection which they can cause — we can 
determine the value of any given current in terms of our fundamen- 
tal unit**, or in absolute meaavre, as it is called. In order to this we 
Hdfifine the unit magnet pole and the unit current in accordance with 
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the conventions already made when dealing with velocity, accelera-T 
tion, etc. ' 

A unit magnet pole is one which exerts a unit force upon a similai 
and equal pole at unit distance, 

The unit current of electricity, for every centimetre of its lengttl 
cau exert a unit force upon a unit magnet pole at one unit distanoi 
from every portion of the current. The only disposition of the coft 
ductor conveying the cun-ent which will meet the last condition is thai 
of a circular coil with the needle at its centra This disposition i 
found in the galvanometer described above. As the radius of the coii 
described in the definition of unit current would be too small for prao 
tice, we have only to employ coils of any convenient, but known, radic 
and make the necessary computations, remembering that the effect ( 
the current is inversely as the square of its distance from the magiM 
pole. 

It will be noticed that our definition of current involves but a singli 
magnet pole, whereas the galvanometer of necessity has a magnetil 
needle of two poles, since one pole cannot exist without another havinj 
exactly opposite properties; and, further, nothing is assumed to 1 
known, in the description of the galvanometer, about the strength < 
the pole^ of the needle employed. These circumstances, however, eaui 
no inconvenience, since the only use we make of the needle is to i 
tain the ratio of the intensity of the horizontal component * of thj 
earth's magnetic field to the intensity of the field due to the galranoa 
eter coils through which the current to be measured is passing. But ttl 
intensity of the horizontal component of the earth's field is known i 
above, in absolute measure, or, in other words, we know the veloci^] 
which it would impart to a free magnet pole weighing one gram. Tb 
intensity of the field due to the current, and therefore the intensH 
of the current itself, is then easily found. Thus it is seen th&t ti 
intensity of the current is measured in the same fundamental unite as a 

* Tlie direction of tbi> esrth's magaetic force is oblique to the horizon. B; " ha 
■ontal oomponent " U meant the amount ol Torce which it can exert. horixontBllf , 
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emplojed in meaaiiriog the etress between & heavj body under the 
action of gravitation. The real stamlard of comparison is the horizontal 
component of the earth's magnetism. The number representing this, In 
tbe neighborhood of Princeton, is about 0.18 centimetre — in other words, 
the velocity along tbe magnetic meridian which a free magnet pole 
weighing one gram would acquire in one second is about 0.18 centi- 
metre. The corresixmdiDg velocity which any lx>dy would acquire 
under the action of gravitation is about nine hundred and eighty centi- 
metres, or about five thousand four hundred and forty-four times greater. 
The unit of current, as defined, would necessitate the employment 
of inconveniently large numbers in calculations involving the related 
quantities, electromotive force, and resistance. To avoid this another 
ouit, called tbe amperf, is used in practice. It is one-tenth the electro- 
magnetic unit, ac the unit of definition is called. 

In order to present an idea of the unit of electromotive force, we 
may imagine an experiment of very simple character, although its exe- 
cution would be very difficull. Ijet a long straight conductor be bent 
upon itself at its middle point, so that the two straight portions shall lie at 
all other points at unit distance from each other, and let the conductor 
thus formed be so fixed in a magnetic field of unit intensity that the 
plane in which the conductor lies shall be at right angles to-tlie direc- 
tion in which a magnetic needle {mints; if, now, a second conductor 
ide along in contact with both branches of the fixed conductor, so 
t all positions successively assumed shall be parallel, and with unit 
jlocity, there will be unit electromotive force set up in the circuit. An 
oivalent experiment has been carried out in which a coil of wire of 
Kjwn dimensions was made to revolve with a known velocity iu the 
earth's magnetic field. From the data thus at hand the electromotive 
force was calculated. It is evidently in terms of the known intensity of 
e earth's magnetism at the place of the experiment and of velocity. 
3ince there is an electromotive force set up in the revolving coil, 
e will be a current in it which may be measured by making suit- 
e connections of its terminals with the galvanometer. Both the cur- 
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rent and the electromotive forc^ being thus known, 

entire circuit is readily found by Ohm's law. It is simply the ratio o£ 

the electromotive force to tbe current. 

TLe electro-magnetic units of electromotive force and resistance 
defined as above are too small for practical use. The practical unit of 
electromotive force is therefore taken 100,000,000 times greater, and is 
called the VolL The unit of lesistance is taken 1,000,000,000 time* 
greater, and is called the Ohm. 

If the wire of which the revolving coil and the galvanometer coil 
are formed is of uniform character and diameter, and if we find their 
joint resistance, we can easily prepare proportionate lengths of similar 
wire which will represent one ohm or any given number of ohms. Sets 
of such wires, coiled and so mounted upon an insulating support that 
they may be joined in any way desired, constitute what are called resist- 
ance coih They are concrete standai-ds of resistance, and in theory 
they are used just as standards of leiigth, mass, etc., are used. 

One of the moat obvious methods of comparing tbe unknown resist- 
ance of any given condactor with that of a standard coil will be under- 
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I stood by considering theeffectof frictionon theflowofwater in pipes. If J 

a pipe be selected as a standard, through which, with a given constant H 

J 






pressure of water, exactly one gallon will flow in one second, it is evi- 
dent that any other pipe which, under the same conditions, will deliv 
the same amount must offer the same resistance. If the pipe under 
trial deliver only one-tenth of a gallon, it evidently offers ten times the j 
resistance of the standard. In tbe case of electrical conductors we may i 
maintain the electromotive force constant, and determine the number 
of annpferes which • flow through the standard resistance wire, and that 
whoseresistanceis to be measured successively. Their resistances will . 
be inversely as the numhcr of amperes which can respectively paea i 
through them. This would be an inconvenient method in practice^J 
and accordingly others have been devised, but our limits forbid presenfa 
ing them. [See Whealslone's hntavce on page 30.] 

The energy expended by a current in passing from one point 1 
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anoiJjer of the conductor is due to its loss of poteatial The equivalent 
work mar appear iu lieating tbe conductor, as in electric lighting, in 

trolytic work, or in mechanical work according to the devices 

luded iu the circuit 

Tbe power, or, in other words, the rate at which work is done when 
one ampere of current suffers a loss of potential equal to one volt ia 
called a Watt It is 10,000,000 ergs jier second, or about one seven- 
lundred-aiid-forty-sixth part of a horse-ixjwer. 

An example will illustrate the use which may be made of these 

itiona. It requires about uin amperes of current to operate an arc* 




^■■mp such as is employed in street-lighting. The current suffers a loss 
ol about fifty volts at each lamp. IE there be fifty lamps in the series 
the entire losa will be 2,500 volts. This number, multiplied by 10 and 
dividefl by 74B, gives between thirty-three and thirty-four horse-power, 
which will be required to operate all the lamps. 



Id conclusion, it may be worth while to emphasize what baa already, 
perhaps, snfficiently appeared, namely, that wo can entertain no expecta- 
tion that electricity of itself will ever in our hands become a source of 
srgy with which we can operate factories, drive trains, etc It can 
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only play a part in our service when there is a difference of potential!! 
between the points of its application, and, in order to secure this dif- 1 
ference of potential, work must be done, in general, greater in amountfl 
than can be recovered from tbe fall of potential when equilibrium ift'd 
restored. Similar disadvantages attend tbe use of other means ofl 
applying energy, such as belting, shafting, steam and water in pipeSf.B 
etc. 

It would be quite impossible to forecast the future, even for i 
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single decade, with reference to the applications of electricity, eva 
though discovery were ended. The mere expansion of industriei 
already in some degree established will give them an importance whid 
we cannot now estimate. But discovery is not ended, and it is mort 
than probable that results will yet he reached which, although then 
cannot be at variance with the general doctrine of energy as now uin 
derstood, may, to some extent, revolutionize our methods, with corr 
s ponding advantages. 



THE ELECTRIC MOTOR AND ITS APPLICATIONS. 

By FRANKLIN LEONARD POPE. 

Fabadat*s First Motor — Experime>'ts of Amp^ire and Arauo— The Great Electro- 
Maokbt op Professor Joseph IIexry — Early Attemits at ELECTKo-MAONFmc 
EyoiiiES — Professor Jacobi's Boat — The Electrostatic Coil Invented by Dr. 
Page — His Electric Locomotive of 1S51 — Henry's Prediction — The First 
Productiox of ax Electric Current by Mechanical Power — Evolution of 
THE Dynamo— Gramme's Machine — Revival uf Tnterkst in Ele<tric Rail- 
ways — SiEMEXS*s Locomotive — Experiments of Field and Edison — Leo Dai-t's 
First Railway in Operation — Other Applk.-ations of thk Motor — Possibili- 
ties of Great Speed. 

ON the morning of December 25, 1821, the joiing wife of an as- 
sistant in the laboratory of the Rowil Institution of London, was 
called by her husbaml to share his delight at the success of an 
interesting experiment, the possibility of accomplishing which had 
occupied his thoughts for many weeks. Wliat the young woman saw, 
upon entering the laboratory, was this: TJp)n a table stoo(.l a small 
vessel filled nearly to the brim with mercury ; a copper wMre was sup- 
ported in a vertical position, so as to dip into the mercury, while a 
little bar-magnet floated in the liquid metal as a spar-buoy floats in a 
tideway, having been anchored by a bit of thread to the bottom of the 
vesseL The mass of mercury having been connected by a wire to one 
pole of a voltaic battery, the experimentalist had found that whenever the 
electric circait was completed, by touching the other battery conductor to 
the vertical wire, the floating bar would revolve around the latter as a 
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centre. In tbis simple manner a conlinuous ineohanieal motion i 
the first time, produced by the action o£ an electric current 

The world ia even now but just awakening to a conception of 1 
magnificent possibilities of the humble gift which was slipped into % 
stocking on that Ohristmaa morning by the since world-taraoaa n 




who not long before bad jocosely described himself as "Michael Pai 
day, late bookbinders' apprentice, now turned philosopher." 

In the winter of 1819-20, the Danish philosopher (Ersted 
observed that if an electric current was made to traverse a wiw i 
proximity and parallel to a magnetic compass-needle, the needlo i 
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deflected, and instead of pointing to tbe uortb, tended to place itself at 
right angles to tbe wire. Tbe consequences oE this discovery, wliich 
in trutb was nothing less than that of the poesibility of converting the 
enei^y of an electric current into mechanical p<)wer, proved to be far- 
Kacbing and important It was at once seized upon by the briUiant 
and fertile mind of the French academician Ampere, who, by a aeries of 
masterly analyses, showed that all the observed phenomena were refer- 
able to the mutual attractions and repulsions of parallel electric currents, 
and with his confrere Arago succeeded in permanently magnetizing a 
common sewing-needle by surrounding it with a helically coiled wire 
through which an electric current was made to pass. 

These brilliant discoveries inaugurated an era of nrtive rosearch. 
Faraday, a& we have seen, was successful 
in producing continnous mechanical motion. 
Barlow, of Woolwich, elaborating Faraday's 
discovery, made in 1826 his electric spur- 
wbeel, a most ingenious philosophical toy, 
and, in point of fact, the iirst organized . 
electric motor. In 1826 Sturgeon devised 
the electro-magnet. He bent a soft iron roil 
into a horseshoe form, coated it with var- 
nish and wrapped it with a single helix of bare copper bell-wire. A 
ourrent passed through the wire rendered the rod magnetic, and caused 
it to sustain by attraction a soft iron armature of nine pounds weight 

In this country, Professor Dana, of Yale, in his lectures on Natural 
Philosophy, exhibited Sturgeon's electro-magnet. Among his listenera 
waji Morse, in whose mind was thus early planted the germ which ulti- 
mately developed into the electric telegraph. Professor Joseph Henry, 
then a teacher in the Albany Academy, starting with the feeble electro- 
magnet of Sturgeon, reconstructed and improved it, and then, by a 
serieaof brilliant original discoveries and experimental researches, de- 
veloped it into an instrumentality of enormous mechanical power, capa- 
ble of exhibiting a sustaiuing force of 2,300 pounds, a power which 




3G 



Tim KLECTHIC MOTOR ASD ITS APPLWATTONS. 



eye upon the breaking of 



nevertLelesa vanished in the Iwinkliiij; 
the electric current 

With characteristic sagacity, t!ie prophetic mind of Henry at once 
foresaw the more important usea to which hia improvements wen' 
applicable. He constructed, in 1831, a telegraph in which strokes ujiori 
a bell were produced at a distance hv the attractive force of the electro- 
luagnet', which embodied all the fundamental and necessary mechanism 
iif the electric telegraph of to-day. He also devised and constructed 
the first electro-magnetic motor. In a letter to Professor Siliiraau. in 
1831, he says: "I have lately siicceeiled in producing motion by a little 
machine which I believe has never before been applied in mechanica — 



by magnetic attraction and repulsioi 
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13 of much historical interest, 



a crude affair and served 
nieivly to illustrate the 
fsseiiiial principle of smrli 
an a]>paratus, A vibrat- 
i rigor reciprocatingeiectro- 
magnet was provided wilb 
an attachment for controii- 
ing the current of the but- 
tery by interrupting ami 
reversing it at the proper 
time. This machine, which 
in the cabinet of Princeton 



College. Several large electro-raagneta constructed by Henry are also 
among the most valued treasures of this collection. 

After having tbud demonstrated the possibility of constructing aa 
operative electro-magnetic engine, so far from fpving way to the natural 
enthusiasm of the successful inventor, Henry proceeded, with that 
sobriety of judgment which was perhaps his most prominent mental 
characteristic, to forecast the future possibilities of the new motor. 
He was. soon led to see that in the then tnown state of the art the 
power must be derived solely- from the oxidation or combustion of 
zinc in the voltaic battery, and hence that the lieat-energy required U 
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tbe original deoxidation of tbe metal must repi'e^eiit at least an equal 
amouut of power, tlie inevitable corollary of wbicli was tliat the fuel 
required for tbia purp<iBe might with much more economy be employed 
directly in performing tho r«iuired work. 

Although thus well assured that electro-magnetism could never hope 
to compete with, much less eupersede, steam as a prime motor, never- 
theless be did not hesitate lo preilict that tbe electric motor was destined 
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to occupy an extensive field of usefulness, particularly in applications 
to minor branches of industry in which economy of operation was sub- 
inate to other more iinportant consideratioua. 

This fundamental, ami as time has shown accurately, prophetic 
mception of the legitimate field of the electric motor, almost wholly 
failed to impress itself upon the minds of Henry's contemporaries. 
The problem of the application of electricity as a universal motive 
taken up with great zeal by a liost of sanguine inventors. 
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In 1832, Sturgeon constructed a rotary electro-magnetic engiue, o£ 
which we give an illustratiou, a fac-simlle of liis own drawing, wbieh 
he exhibited before a large au- 
dience iu London in the spring 
of 1833. In our own country, 
probably the earliest electric 
motor designed for practical use 
was the production of Thomas 
Davenport, an ingenious Ver- 
mont blacksmith, who, having 
seen a magnet used at the Crown 
Point mines in 1883 for ex- 
tracting iron from pulverized 
ore, was seized with the idea of applying magnetism to the propulsion 
of machinery. In 1834 he produced a rotary electro-magnetic engine, 
and in the auttmm of 1835 lie exhibited iu Springfield, Maaa,, a model 
of a circular railway which was traverseil by an electro- magnetic locomo- 
tive. 

Many citizens of New York will recall the erect and haudsonie 
6gnre of a venerable gentleman, with flowing white hair, dressei.1 with 
scrupulous neatness in the Continental costume and cocked hat of the 
period of the Eevolution, who was to be seen on Broadway everji^ 
pleasant day early in the seventies, and whose resemblance to thl 
accepted portraits of Washington was so striking as to atoncearr 
tbe attention of the observer. This was Frederick Coombs, who, as tTi^s 
agent of Davenport, visited London, in 1838, where he exhibited i 
locomotive weighing 60 or 70 jwunds, propelled around a circulai 
railway track by electric power, which excited the f 
the scientific circles of the metropolii*. 

In 1840, Davenport printed by the power of an electric motor | 
sheet entitled the Electro-Magnet and Mechanics^ Intelligaicer. Meaib 
time others had occupied themselves with similar undertakinga. 
feasor Jacobi, of St. Petersburg, invented a rotary electro-magnetidd 
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Botor iu 1834. aud with tlie financial asai.itance of the Eiiipcror 

Nicholas conatrucled, m 1839, a boat 28 feet long, carrying 14 jiasseti- 

. which was propelled hy an electric motor, with a large iiuiiiijer nf 

■ cells, at a speed of 3 miles per liour. In 1838-39, Robert 

tevidson, a Scotchman, experimenleii with an electric railway car 16 

t long and weighing, including the batteries, 6 tons, witieh attained 

I speed nf 4 mihs per hour. 

The necessary limitations of sjiace preclude even the briefest notice 
the labors of the host o£ ingenious experimenters who occupied 
aelvee in this attractive line of stdentitic resesireh ; but no historical 
1 of the electric motor would be com- 
rithont some reference to the work of 
Ae lute Dr. Charles Grafton Page, who for 
years occupied a res|H)nsible official 
Bition in ibe Patent OlHoe at Washington. 
Page, while a young medical student in 
lem, Mass., entered upon an expi^ri mental 
nveatigation of the relations between elec- 
^ and magnetism, and he continued to 
J his researches with extraordinary 
SQce and succuks durini: the greut'T 
1 o( his active life. He particularly 
tiuguislied hirnsdf by liis researches in electrical induction, nota- 
by hilt tnvcDtion of the electn^siatio induction coil and cir- 
jbil-breaker, which has been persistently, but without a shadow of 
mice, attributed to Ruhmkorff, of Paris. Hie work in connec- 
with the electric moior, although not so well known, owing 
r scanty information which is contained in eonteui{iorBneoiia 
^rds, IB certainly no le^s irngmrtant Many middle-aged men of to- 
■ will recall the interesting and curious array of apjjaratiis tor 
istratiog clectn>tnagnelic rotation which formed such an im|)ortant 
[ ihe philosophical cabinets of the academiea and colleges oE tlio 
[ geiteratioii. It is not too much to say that almost every one 




40 



THE ELECTRIC MOTOR AND ITS APPLICATIONS. 



of these devices owes its uri^n to the fertile and ingenious brain 
Page- 
As early as 1845 it bad been observed by Alfred Vail, ibe coadjut 
of Profeasur Morse in the conetructioD of the electric telegraph, that 
hollow coil of insulated wire, when traversed by an electric current 
poseessed the curious property of suckinj^ a soft iron core into itsell 
with considerable force. Upon thia pbenomenon Iwing shown to Dr. 
Page, he at once conceivcti the idea of utilizing it in the operation of 
an electric motor, and after numerous experiments be succeeded in 
constructing, in ISJiO, a machine of thia description, which developed 
over 10 horse-power. Aided by an appropriation from Congress, he 
subsequently constructed an electric locomotive of considerable size 
with which an experimental trip was made from "Washington to Bla- 
densburg, on the Washington bnmch of the Baltimore and Ohio Rail 
road, on April 29, 1851, and on which occasion a rate of speed wi 
attained, on a nearly level plane, of 19 miles per hour. Of course 
tbis, as in other experimenta which have Ijeen detailefl, the great 
of producing electricity by the consumption of zinc in a battery pi 
eluded the jTOSsibility oE any commercial advantage being derived fi 
the scheme, bat the achievement was nevertheless a notable one N"( 
far from the same time Thomas Hall, of Boston, a skilful elecl 
mechanic who had constructed much of Page's apparatus, ma<le 
model of an electric locomotive and car, which i^ not without scieuti: 
interest, as establishing the practicability of conveying the electpu 
current to a rapidly moving railway car by employing the rails ai 
■wheels as electrical conductors, thus dispensing with the necessity 
transporting the battery upon the vehicle. 

One of the most enthusiastic experimentalists with clectro-magui 
machinery was the late Dr. Janica Prescott Joule, of Manchester, 
England, who in a letter written in 1839. said: "I can scarcely doubt 
that electro- magnetism will eventually be substituted for steam in proi, 
>eUing machinery-" Professor Jacobi, too, one of the most eminei 
lopbers of that day, was less reserved in his enthusiasm thi 
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enry, for he wrote; "I tliink I may ussert tbat tlie superiority of this 
mover is placed beyond a doubt as regards tie abaeuce of all 
danger, the simplicity of action, and llie expense iiUendinij it." 

Some years afterward, wlieii Dr. Joule bad become older and 
ptisaibly wiser, he made a most remarkable aud exhaustive series of 
LvestigatioDs relating to the mechanical equivalent of heat The 
ults of these researches led him to estimate that the conaumptiou of 
one grain of zinc can protluee only about one-eighth of the mechanical 
equivalent of a grain of coal, while its cast is approximately twenty 
times as great, Tiiia conclusion, being generally accepted by the 
ientific world as authoritative, ultimately tended to strongly dis- 
lurage further efforts to apply electro-magnetism as a prime motor. 
le question was well summed up, in a discua;'<ion by Henry, in these 
irds: "All attempts to substitute electricity or magnetism for cod- 
mast be unsuccessful, since these powers tend to an equilibrium, 
TO which they can only be disturbetl by the application of another 
iwer, which is the equivalent of that which they can subsequently 
exhibit They are, however, with chemical attraction, etc., of great 
importance as intermediate agenis in llie (tjyjlicalion of lice power of heat as 
derived from ixnnbusllon. Science does not indicate in the slightest 
the [Hissibility of the discovery of a new primary power com- 
,rable with that of combustion as exhibited in the burning of coal. 
We therefore do not hesitate to say that all declarationa of the 
discovery of a new power which is to supersede the use of coal as a 
motive power have their origin in ignorance or deception, and fre- 
lueutly in both." 

In the words which have l)een italicize<l llenry accurately foretold 
true place, in the domain of industry, of the electric motor. Much' 
fusion of thought exists in the popular mind at the present time in 
irenoe to this very point Wc continually hear electricity spoken of 
if it were a primary, a moUve power, and the prediction is freely made 
uninformed persons that it wiJl soon usurp the place of the eteam- 
;ine; that it will be employed to pnjjiel vessels across the Atlantic, 
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and the like. But a moment's consideration will serve to show that 
such a view of tlie questioii is whollj without scientific basis. Electric- 
ity, in its importaut appHcatioua to macbinen-, is never in itself 
source of power. It is merely a convenient and easily manageable 
agency, perhaps a peculiar form of matter, perhaps a form of energy, by 
wliicli niechauica! power may be conveniently transferred from an ordi- 
nary prime motor, as a steam engine or a water-wheel, to a secondary 
motor — it may be at a great distance — which is employed to do the 
work. It performs an office precisely analogous to that of a belt or line 
of shafting, which, however useful in conveying mechanical power from 
one point to another, can under no conceivable circumstances be capa- 
ble of originating it 

That we may properly comprehend and appreciate this new and 
important aspect of the mechanical application of electricity, it is 
eary to return to the experiments of Faraday. In 1831, after he had 
become the director o[ the luborat<iry of the Royal Institution, he turned 
his attention to what he called the "evolution of electricity from mag- 
netism." The brilliant generalizations of Ampt're, followed by th»- 
experimental demonatrationa of Arago, Stui^eon, and Henry, to tl 
jMnetrating mind of Faraday necessarily implied re«)?roca-? action, and 
he accordingly sought diligently to obtain the electric current from the 
magnet On the second day after commencing his experimenta he 
wrote to a friend : " I think I have got hold of a good thing, but cannot 
say ; it may be a weed instead of a fish which after all my labor I may 
pull uj\" On the tenth day he became fully satisfieci that he had 
booked a tish. A crucial experiment showed that he had made a grand 
discovery which may, withoiit injustice, fairly be compared, in point 
practical importance, with Newton's immortal discovery of gravitation. 
The principle upon which this discovery hinges may be ex|)lained in 
few words. Every magnet is surrounded by a sphere of attraction (which 
gradually diminishes in intensity as the distance from the pole or focal 
[Hjirit of attraction of the magnet increases) which has received the tech- 
nical name of the vtafftielic JUld. If an electric conductor be moved traofr' 
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vereely tlirougti this magnetic field, the influence of the field tends to 
retard or oppose the movement of llie cooductor; ibe mccbauical force 
exerted in overcoming this resistaoce ia transformed and appears in the 
<.-ondactor in the form o£ what we conventionally call an electric cur- 
rent If instead of the uiaguet we substitute auotber wire, which is 




3 conveying an electric current, thie last is surrounded by a magnetic 
Beld, and eirailar phenomena are manifested when another wire is made 
lo move within it The same manifestations occur if the conductor 
remains stationary and the magnetic field ia moved, or if the strength of 

fe field he increased or diminished. This efl'eet is known by the gen- 
a1 name of induction, and the law which governs it was formulated by 
e Russian philosopher Lenz as long ago as 1833. It may be stated as 
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follows: The carrents induced by the relative moveraenta either of two 
electric circuits, or of a circuit and a magnet, are always in aucli direo- 
tions as to produce mechanical forces tending to etop the motion which 
produces them. 

To Faraday is due the fir^t experimental machine for the mechanrcal 
production of electric currents. But he went no further. He possessed 
preeminently the scientific rpind. His pleasure in the pursuit of nat- 
ural truths was so abaorhing that he could never turn away from them 
for the mere purpose of following up their practical applications, 
have rather been desirous," he once wrote, "of discovering new facta 
and new relations dependent on magneto-induction, than of exalting the 
force of those already obtained, being sure that the latter would find 
their full development hereafter." In the words of Prafesaor Sylvanua 
Thompson : " Caa any passage be found in the whole range of science 
more profoundly prophetic or more characteristically philosophic than 
these words with which Faraday closed this section of his Esperimeutal 
Researches ? " 

Within a year after tlie publication of Faraday's experiment, Pixii, 
a philosophical instrument maker of Paris, constructed an apparatus 
which a jjermanent magnet was made to induce currents in the wire 
surrounding an electro- magnet ; this received the name of the magneto- 
electric machine, and was doubtless the first organized appliance for pro. 
ducing an electric current by mechanical power. In 1838 this instru- 
ment was materially improved by Saxton, of Philadelphia, whose 
apparatus will be recognized as the well-known "electric shock ma- 
chine," in which electric currents are produced by turning a crank. A 
similar device is utilized at the present day for ringing telephone call- 
bells. For many years the practical applications of the magnelo-electrio 
machine were comparatively unimportant, and were principally confined 
to its employment for actuating certain forms of telegraph apparatoa, 
thereby dispensing with the voltaic battery. 

In 1850 Professor Nollet, of Brussels, essayed to make a povrerfnl 
nagneto-electnc machine for decomposing water into its coostitoeat 
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[eiueiite, oxygen nnd hydrogen, which were then to be used in pro- 
ducing the lime-light. In 1853 a company was urgani^ied in Paris, 
id experiments were made with a largo machine constructed by 
bllet. So far as the lime-light scheme was concerned the experi- 
lenla were unsuccessful, but subsequently Mr, F. H. Holmes, of 
Inglaud, made some alterations in Nollet's machine, and applied 
directly to the production of the electric light Ijetween carbon points. 
'hese experiments induced others to take up the subject both in 
nee and England, which ultimately resulted in the development of 
brilliant and beautiful electric arc-light, by which the streets of 
principal towns are now nightly illuminated. It has been used in 
ime of the French lighthouses without intermission since 1863. 
The substitution of the electro for the permanent msignet, first sug- 
:e*'l by Wheatstone in 1845, was applied in the construction of large 
.cliin^ by Wilde, of Manchester, who worked at the subject eontjn- 
msly from 1863 to 1867, with results incomparably in advance of all 
;vious attempts to obtain electricity by mechanical power. In 1867 
exhibited a machine which produced the electric arc-light in its 
Itmost magnificence, and was capable of instantly fusing iron rods 
fifteen inches long and one-fourth of an inch in diameter by the flow of 
the electric current. 

The final step in the development of llie magneto -electric generator 
fas an almost simultaneous, although independent, discovery by Moses 
Farmer, of Salem, Mass., Alfred Yarley and Professor Charles 
heatstone, of England, and Dr. Werner Siemens, of Berlin. This 
was the grand conception of employing the current from an electro- 
magnetic machine to excite its own electro-magnet. The invention of 
this improved form of apparatus, which receive*.] the name of the 
dynamo-electric machine, gave an extraordinary impetus to the inves- 
.tigation of all branches of electric science. The subject was once 
s taken up by scores of enthusiastic workers in Europe and Amer- 
and innumerable minor improvements rapidly succeeded one an- 
;her, which have finally resulted in the exquisitely organized dynamo 
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machine of to-daj', a machine which has confesaediy reached a state of 1 
perfection and efficiency which leaves but the narrowest margiD for I 
future improvement J 

As we have aeen, the earliest field of usefulness for the dynamo 1 
machine was found in electric arc-lighting, which has now become, I 
in the United States at least, an enormous industry. One of the moaj 1 
useful and convenient of these machines was designed by Gramme, of I 
Paris, in 1872, and was capable of giving a constant current resembling J 
in its characteristics that from a battery. At an industrial exhibition I 
in Vienna, in 1873, a number of Gramme machines were being placed I 
in position, in order to exempUfy the various uses to which the inven- I 
tion might be put as an electric generator, when there occurred one I 
of those singularly foriunnte accidents which have again and again J 
played so prominent a part in the history of industrial prepress. In I 
making the electrical connections to one of these, machines which had 1 
not as yet been belted to the engine-shaft, a careless workman attached I 
to it by mistake a pair of wires which were already connected with I 
another dynarao-machine which was in rapid motion. To the amaze- I 
ment of this worthy artisan the second machine commenced to revolve 1 
with great rapidity in a reverse direction. Upon the attention of M. | 
Gramme being directed to this phenomenon, he at once perceived that I 
the second machine was performing the function of a motor, and that I 
what was taking place was an actual transference of mechanical power I 
through the medium of electricity. This singularly opportune occur- 1 
Fence being commented upon in the scientific journals, led to the instant I 
recognition of the true place of the electric motor in the domain of I 
mechanics. From the date of Page's experiments almost the only I 
practical use to which the electric motor had been applied was in the I 
operation of dental apparatus, to which it has been adapted with great I 
ingenuity and success by some of the American practitioners of thati 
art 1 

The late Professor James Clerk Maxwell, one of the master minda I 
among the electricians of the new era. shortly before his lamented death, J 
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expressed the opinion that the revereibility of the Gramme machine was 
one of the most importaat discoveries of modern times. While it is true 
i'tiiat the circumstaace attracted general attention in scientiBc circles, iu 
tllpplication to useful purposes was no doubt deferred for many years by 
■the oouuter attraction of electric lighting, which seemed to promise to 
inventors and capitalists larger and more immediate profits. The prin- 
ciple of converting mechanical energy into electric currents and again 
mverting these by means of a reversed dynamo-machine into mechan- 
power, naturally suggested the practicability of transmitting power 
through' electric conductors to any required distance. One of the ear- 
liest applications of this character was the revival of the electrically 
operated railway. This, as we have seen, waa, abstractly considered, by 
no means a novel idea, but its commercial development for obvious 
reasons remained in abeyance until generating machinery was available 
which could be made to furnish large quantities of electricity at moder- 
ate cost. 

One fact of controlling importance in this connection is that electricity 
18 capable of being supplied to a moving motor through frictional or 
rolling contact, a method of communicating mechanical power impossi- 
bleof realization by other known means; hence the power could readily be 
supplied by machinery situated at any required distance from the moving 
train by extending the conductor the requirerj distance along the rail- 
way, for which, as we have seen, the rails themselves, when properly 
insulated, might be made to serve. It is probable that the earliest de- 
tailed conception of the modern electric railway was due to Jean Henry 
Cazal, a French engineer, who proposed, as early as 1864, to utilize the 
uutnrat powers, such as water and wind, for operating railways, by the 
electrical transmission of power. But this was in the day of small 
things in electric generators, and hence the practical realization of the 
ideas of Cazal was only rendered possible at a much later date by 
the subseqnent development of the dynamo-machine, as heretofore re- 
lated. 

wt by the proprietors of a German colliery to be supplied 
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wil.li ftii electric locomotive for buiiling coal cura in tbe levels led Dq 
Werner Siemens to Jevise .ind coustruct an electric railway, which w^ 
exliibite<i nt the Imiustrial Exhibition in Berlin, in the sntnmcr of 1871 
This railway was circular, nlioiil 1,000 feet in length, ami of 0D« met 
gauge A dynanio-eleotric machine driven by a steam-engiae siipptia 




me current, tbe expenditure of energy hcing about five hori 
More than 100,000 iirrsons are said to have be«i traD^ported over t 
line during the period of Ihe exhibition. 

Meantime several Aineriean inventors were independently at i 
upon this problem, among them Stephen D. Field, of San Fm 
Pr. Joseph B. Finney, of Pittaburgh. and Thomas A. Ediaun, of Hsi 
York. Edison waa the firet to construct an actual dytiamo-electrio-r 
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waj in America, This was done in the Hjiring of ISBO, at the expense 
u( Henrv Villard, at Menlo Park, N. J., the track being some 80 or 90 
t<m\s in length. Field's electric locomotive was first exhibited at the 
Exposition of Railway Appliances in Chicago, in Juno, 1883, during 
liie continuance of which nearly 27,000 passengers were transported. 
Both Field and Edison utilized the rails of the track to convey the 
corrent to the motor. 

Finney's plan was somewhat different; lie suspeudeil an insulated 
copper wire, about the thickness of a lead-pencil, 16 or 20 feet ai>ove 
the line of the railway. A small wheeled trolley or contact-truck run- 
ning on this wire »s on a track, and connected with the car by a flexible 
conducting cord, served to convey the electric current from the aerial 
conductor to the motor; a plan which in practice was found to answer 
very satisfactorily for moderate speeds. Finney designed from the first 
to apply the electric motor to an ordinary streetcar as a substitute for 
bors&power. Uis first experimental car was exhibited and very sue- 
cesffully operated in Allegheny, Pa,, in the summer of 1882. 
m The firet electric street railway operated in America for actual 
■jMnmercial sen.-ic6 was a suburban line two miles in length extending 
from Baltimore to Hampden, Md. It had previously been operated by 
animal ]<»wer, and was cheaply and roughly constructed, having sharp 
curves, and grades as high aa 330 feet per mile. This line was put in 
operation September I, 1885. The electric current was conveyed by 

insulated rail fixed to the lies midway between the traflio rails. 
The electrical machinery was dejiigned and constructed by Jjcn Daft, 
Jersey City, N. J. The results of the change of motive power were 
.tifying, inasmuch as the receipts of the line were largely increased 
daring the first year, while on the other hand, the expense of operation 
linisbed, and this in spite of the fact that the application was 

le under exceptionally unfavorable circumstances. The success of 
undertaking went far to demonstrate the advantages of electricity 
a street-car motor. 

Every consideration of humanity, no less than of convenience and 
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econom V( unites to urge the Hubstilutioii of mechanical for animal power 
upon the numa^us street railway lines of the United States at the 
earliest practicable momeut,* amt hence it is gratifying to know that 
on the first of August, 1890, there were in daily service, and under_ 
construction, in the United States and Caiia<.la, uo 1ct<s than ^50 street 
railwava operated by electricity, having a total length of between 1,900! 
and 2,000 miles, while a very large number of others are under coa-i 
tract On January 1, 1888, there were but 23 of these lines, having a 
KJtal length of about 100 miles. 

One of the earliest successful examples of an electric street railwajr 
was constructed at' 
Scran t<in. Pa. It was 
designed by Charles J,. 
Van Depoele, then o(l 
Chicago, and 
into operation in Decem- 
ber, 1886. It was four 
and one-half miles iq^ 
length, of stand ar 
gauge, laid with 
I'ails, and its passenger 
equipment consisted of 
seven handso[nely 
iahed Pullman cars, eaob'!^ 
propelled by a 15 horse-power electric motor, which was placed < 
a glass-enclosed front platform and geared to the forward axle 1 
the familiar mechanical device of sprocket wheels and steel chaind^a 
The externa] appearance of the motor used on the Scranton cars i 
shown in the illustration. It stands about two feet high, and occupiei 

" In the street railway Bervice in large cities, the distance ttafelled each day bjd 
two-hnrse teaia averages about t«n miles, w thut ettrh aulinnl worhs otilj alMiut t 
hours out of tbo twentf-tour. The cost of ^tabling, feeding, and replacing horses I 
t2W per year, each. The active life of a car-horse is only from two to four yeus. 
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I pace perhaps eighteen inches aiiimre. Tbe ear, of whieh aa illuetra- 
Q is given, could be run at a speed of fifteen miles per hour, if 
required, and in its regular work aaceuded grades of Tiearly 360 feet 
]jer mile witli grent facility. It is staled 
tbat the cost of niuniug the electric line ut 
Scranton, using for fuel the waste coal-dust 
or "culm" fi-oni the anthracite mines, which 
can !« had in almost inexhaustible quantity 
at the nominal price of 10 eeuts \^t ton. was 




oat one dollar per oar per day, or a trifle over one cent per car mile. 

te economy even at this early stage of development of electric power 

' animal power, the cost of which in New York and Boston is 

^oned at soinetliing over ten cenla per car mile, is apjiareot 

Electric railways are in operation at Appletnn, Wia,, St. Catharine, 

iDtario, and other places, which are driven by water power at an 

ID03t nominal cost In many instances natural power may he thus 

1 with the utmost advantage, as it is not in the least necessary that 

ibe power should be tn the vicinity of the line of the railway. 

Several of the inventors whose names have been already mentioned 
in connection with electric railway work have paid much attention to 
the problem of city and suburban rapid transit, and tiiere is every 
<on to hope that an early day will witness the aucceaaful introduc- 
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tion of electric power upon the elevated railway system in New York, 
for which it would seem on many accounts to be ]>eculiarly well 
adapted. 

TLe pioneer electric street railway in Europe was the Licit terfeld?' 
line, in the suburbs of Berlin, constructed under the euperiutendeuce o 
Dr. Siemens, which has been running since the spring of 1881. Sevemt 
other electric lines have been constructed in Great Britain, Ireland, and 
on the Continent, but, as usual with inventions of this class, our owB 
country quickly placed itself far in advance of all others in the extent 
to which the new system found a practical application. 

A considerable number of street-cars have been constructed both i: 
Europe and America, with the design of deriving the electric enei^fy 
for propelling each individual car from storage-batteries or accumu 
lators carried upon it* An accumulator may be described, in J 
general way, as a vessel containing acidulated water in which ia i 
mersed a pair of leaden plates. The passage of a strong electric car 
rent from a dynamo, through the liquid from one plate to the others 
produces a chemical action which has the effect of oxidizing one of tl 
plates, After this process has gone on for some Lours, the dynamq 
may be detached, and the two plates joined by a wire. An electnQ 
current will now pass through the wire from one plate to the other, i 
in an ordinary voltaic battery, the effect of which ia to undo the worfi 
which has been done in charging the battery. Strictly speaking, in I 
battery of this kind no electricity is stored ; its energy ia in fact con- 
verted into chemical energy, and this may be reconverted into electrri 
energy at will. Many quite successful experiments have been madfl 
with self-propelling motor cars operated by these batteries, and there ia- 
little reason to doubt that they will ultimately find an extensive uaB 
and application in large cities and other localities where the employe 
menl of an overhead conduct^ir for electrical distribution is from anj( 
cause objectionable. The most serious objection to their use is 1 

■ See ■■ The Eleclric Unilway of To-day." 
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ex[")ense of operation, which has thus far proved to be much greater 
than in the case of direct supply from the dynamo. 

Many inventors are endeavoring to find a thoroughly ])ractieable 
plan of insulating the electric conductor beneath the roadway; and 
while the problem is unquestionably a far more difficult one than 
would be supposed by a person unfamiliar with the subject, yet there is 
probably no good reason to doubt that it will in due time receive a 
practical solution. 

The beginning of the general introduction of electric lighting 
by incandescent lamps supplied from central stations, which may 
\ye fairlv considered to date from about 1883, had the almost imme- 
diate effect of creating a demand for small electric motors. It was 
at once perceived that the electric lighting conductors, if intro- 
duced into every building in a town and supplying a constant elec- 
tric current, at an expense ordinarily not exceeding 8 or 10 cents 
per horse- power j)er hour, could be utilized with great adv^antage 
in driving sewing-ma(ihines, lathe?, ventilating apparatus, and innu- 
merable other sorts of machinery for domestic purj)oses, or for the 
lighter class of mechanical industries. Quito an assortment of neat 
little motors of this character, of different patterns, and of capacities 
ranging from one-tenth to one-half a horse-powder (for operating sewing- 
machines, and other light work), were exhibited in 1881 at the Indus- 
trial Electrical Exhibition at Philadelphia, where they attracted much 
attention. 

One of the most interesting exhibits of this character was made by 
Lieut. F. J. Sprague, formerly an officer in the United States Navy, w ho 
showed two or three motors of his own design having a capacity of per- 
haps five horse-power, which were employed to drive looms and other tex- 
tile machinery requiring considerable ]>ower. Another motor of about 
two horse-power, built by Mr. Daft, was at work for several weeks during 
the exhibition, printing the regular weekly issue of an electrical jour- 
nal, on a power press with a bed 31 by 4G inches. The successful and 
satisfactory operation of these motors led almost immetliately to the 
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establisliment of on extensive business, and there are now in Kew York, 
Boston, Troy, Rochester, and other cities, Bystenis of electric power- 
distribution from central stations of considerable imporlance, employing 




machines of the general 
typeflrst exhibited at Phila- 
delphia on the oceiiaioQ just 
referred to. 

It is a very difficult 
matter to ascertain even ajv 
proximately the extent to 
which this business of elec- 
tric power-distribution has 
already attained in this country, but a somewhat cursory investigatio 
has shown that it is greatly in excess of what might have been atitic 
ipated. One central power station in Boston operates more than < 
hundred motors of a capacity ranging from 15 down to one-half a borse^ 
power, the greater number nsed being fi*om 5 to 10 horse-power. Tbl 




now 



[pply conductors are carried uuderncath the pavement of the streets. 
igle corporation of the dozen or more actively engaged in this man- 
rttire had sold within five years over 4,()00 niot<.)r3, aggregating more 
m 20,000 horse-power, and the demand is increasing daily. Ii would 
attnodt impossible to catalogue the number and variety of piH'[>osea 
which the electric motor is now in daily use. Some of the most 
applications arc for printing-presses, sewing-machined, elevators, 
ventilating- fans, and machinist's lathes.* At 
the present time every indication nnniistak- 
ftbly points to the probability that wilhiii ;i 
few years ueariy all mechauieal wor" 
luge cities, es))ecia]ly in cases in whii l> 
power required does not exceed say b<' 
le-power, will be t>ej-formeil by the agency 
the electric motor. It is an idpal motor, 
ilutely free from vibration or noise, jier- 
y manageable, entirely safe, and with 
most ordinary care seldom if ever gets 
of order. Indeed, there is no reason to 
l|pose that the limit of 50 horse-power 
not be very lai^ely exceeded, when it is "*""" •""^•'' '» * st"ing-*i. 

ibered that scarcely five years ago the 
:action of a 10 horse-power motor was considered quite a note- 
wortliy achievement, while at llie present day motors of 3(K) liorse- 
wer, and oven more, have been successfully installed. 
An extremely nseful application of the electric motor, which is 
ily to be widely extemled, is in connecUon with large manufacturing 
Itablishments, already supplied with incandescent electric lighting 
apparatus. It is a very simple matter, W means of a current derived 
from the same dynamo, to openite elevators, hoists, presses, pumps, 
iwav-cars, and manv simitar aijpliances, which are now 
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worked at grBater expenae, and witb fcir less conTeoienee, by hand, J 
aoinuil, or in*l<!{ien(leDt steam power. We give an illustration of one| 
of the earliest Kuccessfol exaniptt^ uf tbis description of trs 
work at a augur refioerr in East Boston. Mas?, The electric motwfl 
» geared to tbe axle of a low platform car, and serves to propel it,. I 
together with a second «ir, along the track, the whole bdng operatedB 
bjr a current from the incandescent dynamo used lor lighting thi 
premises. This little freight train makes a round trip everj five mia*! 
Dies under tbe management of an orJinarv laborer, hauling an averages 




load of t«n tons of raw sugar from the wliarf to the refinery at each,! 
trip, at an inconsiderable expense. 

Another very important service to which the electric motor i 
especially well adapted is that of a substitiife for belts, shafting, atam 
ge.aring, in the transmission of power from the prime motor in lai 
manufacturing establishments. A New England cotton-mill enginee 
of high repute has ascertained, from aetual me^asuremcnt of a nui 
of modern mills fitted with first-class shafting, that over thirty per cent 
of the gross power of the engines is absorbed in driving the Tarioni 
lines nf shafting alone, before the delivery of any power whatever for' 
a! Work. Numerous tests demonstrate that it is entirely within thfta 
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Irutli U) estjmate the loss of conversion, transmission, and reconversion, 

in weli-designed eJectrical machinery, under like conditioiDs at leas 

than thirty per cent, bo that in the use of tlie electric motor for this 

c)ass of work, we have at once an acltial saving over the loss ex|)eri- 

enccd in the direct mechanical transmission of power, with the furtlier 

and in most cases ctmtrolling consideration, that in the caae of the 

electrical system this loss affects only BU(.:h portions of the machinery 

A8 are actually at work ; while under the ordinary conditions the entire 

system of belting and shafting must l>e kepi in continuous o[icration, 

entailing a constant loss, irrespective of the number of mnchinea which 

may be actually in use at any given tima The advantages of having 

every individual machine driven by its own independently controlled 

power, and at any required speed, are so obvious that it is scarcely 

r to'inention them, 

The conditions of eleoirieal power transmission have been thoroughly 

jadied by competent engineers, and are now so well understood ihut 

e conversant with the practical aspects of the Bul>je<jt are well as- 

1 that within a few years even the smallest towns and villages will 

ipply themselves with electric light and power plants. In such places 

plant of 50 horse [wwer, or even less, will be quite sufficient to furnish 

(good profit oa the moderate investment of capital required. The 

tabliahment of a power centre, even in a rural village, cannot fail to 

t a greater or less number of small though by no means unprofil- 

Eble industrial enterprises, and tlie mere fact that such jiower can l>e 

1 will in itself tend to rapidly increase the demand. The manage- 

Eftnl of nn electric power plant requires no unusual scientific knowl- 

Once the station has been established, it can be carrieil on by the 

dinarilr intelligent class of mechanics and workmen who are to lie 

l^und in every village It is computed hy statisticians that the average 

e at which power is aold in the United Stales approximates $110 

' horse-power per annum. A 60 hor9e-|x>wer electrical plant, in- 

iding the station building, engines, boilers, dynamos, distributing 

fires, ond fixtures, can lie erected, at present prices, at an expense not 
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much exceeding $150 per horse-power, and the gross cost of operating 
such a plant may be fairly estimated at about $4,000 per year. Ex- 
perience has sliown that in consequence of the intermittent demand for 
power by a group of miscellaneous consumers, it is entirely safe to con- 
tract to supply a quantity considerably in excess of the actual capacity 
of the station, so that indeed as much as 70 horse-power might be sold 
fryjn a 50 horse-power plant, thus bringing in a yearly gross revenue of 
§7,000 or more, and liMiving a net profit of some $3,000. . Where a go(xl 
water-power is available at a moderate outlay, the profits might be even 
more than we have estimated, while it will be readily xmderstooil that 
in all such cases the proportionate profits are rapidly, augnlented. as" the 
capacity of the plant is increased. 

A somewhat startling proj'josition in connection with the general 
subject of the transmission of energy to a distance by electricity was 
advanced by that eminent engineer, the late Charles W, Siemens, of 
London, who, in 1^77, expressed his conviction that by this means the 
enormous energy of the fallintr water at Niagara might be transferred 
w York City, and there utilizcMl for mc^chanical pur{)08es. Id 
1879, Sir William Thomson, the electrician, publicly asserted his belief 
in the possibility, by means of an insulated copper wire, half an inch 
in diameter, of taking 26,000 ]iors(?-power from water-wheels driven by 
the falls, and of delivering 21,0<M) horse-power at a distance of 300 
statute miles. He estimated that the cost of copper for the line would 
be less than .S15 j>er horse-power of energy actually delivered at the 
remote station. AV'hile Sir William mav ho rejrarded as sc^iewhat of 
an enthusiast, and has occasionally manifested a tendency to present 
matters of this kind in a sensational light, yet it cannot be l(X)kcd upon 
as especially improbable that the realizaticm of this af)parently chimeri- 
cal j)roject will In* witnessed by j)ei'sons now living. In fact, engineer- 
ing works of the most extensive character, for the utilization of the 
pinver of Niagara for electrical distribution, are already actually under 
wav. 

Space docv not i>ermit more than a passing reference to the important 
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industrial applications of the electric motor for the transmission of 
power which have been made within the past two or three years, both 
in Europe and America. At Solothurn, Switzerland, a screw factory 
has been operated for three years past by a double 60 horse-power motor, 
deriving its energy from a water-fall 6 miles distant ; and at Derendingen, 
in the same vicinity, a manufactory of white woollen goods of 86,000 
spindles is driven entirely by a pair of electric motors of 280 hor-'j* 
power. At Schaflfhausen, an electric motor of 400 horse-power, de- 
riving its energy from the famous Rhine fall at that place, has been put 
in successful operation. 

We have as yet no examples of single motors of such large capacity 
in this country; the tendency here has been rather in the direction of 
the distribution of power from a common centre among a number of 
small industries, a mode of application which, without doubt, affords 
more remunerative commercial returns than the transmission of power 
in large units, although perhaps less striking to the ordinary observer 
as an example of the possibilities of the system. At Aspen, Col., a 
water-power electric plant has been installed, consisting of eigl'y . 
inch Pelton wheels under a head of 820 feet These wheels make 1,000 
revolutions per minute and develop in the aggregate 1,400 horse-power. 
The electric plant comprises six motors of 20 horse-power and one of 
60 horse-power, operating mining machinery, stamp-mills, etc., at various 
places within a radius of one. to two milea There are also 120 arc- 
lights and 2,000 sixteen candle-power incandescent electric lights which 
are supplied with electric current from the same source. Another inter- 
esting example of the same class of work is at the Chollar shaft on the 
celebrated Comstock lode in Nevada. Here are six Pelton wheels at 
the bottom of a shaft nearly one-third of a mile beneath the surface of 
the ground, running at 900 revolutions per minute, under the enormous 
head of 1,680 feet The aggregate horse-power developed is 750, which 
is conveyed by wire a distance of one mile and employed to operate an 
extensive stamp-mill. At Big Bend, on the Feather River, in California, 
a power plant was used for some time, in which the electric circuit was 
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carried along tlie river for 18 miles, operating 14 iudependent electric 
motors, located at different poiuta and uaed with great facility in pump- 
ing, hoistiug, hauling, and other mining operations. 

A most interesting example, among many others that might be 
mentioned, of the utilization of electric power in small industrtcfi, is 
to be found in tbe villages of Johnstown and Gloversville, N. Y., well 
known as tlic principal seat of the glove-manufacturing industry in tliia 
country. Here Cayadutta Creek furnishes a trustworthy water power 
of 500 horses in the dryest season. Seven dynamos furnish electria. 
power to six electric circuits, 3 of whicli extend to Johnstown and S 
to Gloversville, tlie aggregate length of the whole being 60 milea. 
Nearly 300 horse-power of electric motors are now in use in these 
towns of a capacity varying from one-eighth to 10 horse-power, whicb 
are uaed not merely for operating glove-sewing machines, but for almosi 
every conceivable kind of village industries. Each sewing-machine 
operator ia furnished with ix)wer at the merely nominal price of 25 
cents per week, a sum which nevertheless has been found to furnish i 
handsome profit to the electric company. Similar works have been- 
carried out in Rochester, N. Y., and other places, while the projects of 
a like nature under consideration in other localities are too numeroua; 
even for the most casual reference. 

The experiment of Jaeobi, who was the first to propel a vessel hy 
electricity, has already been noticed. The records of electric navigi 
tion are a blank from that time until the commencement of the experi- 
ments of the ingenious and versatile Trouv^, of Paris, who exhibited i 
small boat on the Seine in 1881, the electricity for which was supplied 
by a primary battery. Four or five passengers were carried at a speed 
of about three miles per hour. Between 1882 and 1886 quite a nntnber 
of experimental launches were built in England and France, propelled 
by electric motors, and supplied with electricity by accumulators 
gtowed in the l>ottom of the boat, whicb served also as ballast. The 
most noteworthy achievement of this character was the launch Volta, 
which, in September, 1886, jierformed tlie trip from Dover to Calais and 
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back, with eaae and safety, the battariea being charged but once for the 
double joarnev- Seven passengers were carried on this occasion, and a 
speed of over twelvfi miles per hour was reached. The Volta was 37 
feet long, seven feet beam and three and a half feel deep. 

Quite recently a New York establishment which manufactures 
small motors, one of which is shown in the illustration on page 55 
)iied to a sewing-machine and deriving its power from a primary 
lattery, has adapted a similar motor to the propulsion of a light canoe. 
The dimensions of the motor designed for this craft are so smail that at 
Brst sight ii seents almost absurdly inadequate for its intended purpose. 
Put its performance is nevertheless excellent, and a considerable de- 
taad has sprung up for these neat and ingenious little vessels. 

It would be impossible, within the Hmitetl space at command, lo 
lempt to enumerate the various future applications of tbe electric 
notor which suggest themselves to the enterprising electro-mechanician ; 
int, in conclusion, the writer cannot refrain from expressing his con- 
riction that the day is not far distant when rapid transit between the 
principal cities of America will be effected to an extent which to per- 
sons unfamiliar with the developments of electricity must seem utterly 
visionary and chimerical. Once admit, as we must do, the possibility 
of applying almost limitless electric power to each axle of a train, with 
the possibility of laying a track almost as straight as the crow flies 
from city to city, rising and falling as the topography of the country 
may require, and the complete solution of the problem becomes little 
^^unore than a matter of detail. Not that such detail is unimportant, nor 
^^HiBt the innumerable minor dil^culties c^n be overcome without much 
^^■iKperiment and study; but it may nevertheless safely be affirmed that 
^^^pe ultimate result is already distinctly foreshadowed, and that we may 
^^Bxpect within a few years to be transported between New York and 
^^TBoston in less than two hours, not by the enchanted carpet of the 
Arabian Nights, bat by the potent agency of the modern electric motor. 
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Eiax-Y Attempts at Electric Motors— Whv They were Failvres— IicKiBTi»CB 

THE CoNTISUOUB-CUBllENT DvNAMO— TuE BeBWN EXPOSITION RAILWAY OP 1879 — 

Tbbee Methods ov Applying thk Cukhent to the Motor — Cosstbuctios op 
THE TsL-cK— The Ovebuead-Wirk System — ITow tqk Tbollev is Attached- 
Methods OK SUSPBVDJKU THE WlREB— 3[NQLE AND PoUBLE PoUES— SUDIS« 

Contact — Tub Pkoeboround Conduit System — The Storaue-Battery System-— | 
Adyantaoes op Electric Street Railways oyer all Other Puns — Tomparativ* 
Cost ok Construction — Statistics por the United States — Electbic Railwa' 
IN Mines — Telpuebage — IlioH Speed Expebihents — Futdre Posainu 

IT lias been remarked truthfully that the civilization of a country 
may be gauged by its methods and means of communicatioii, 
and the transition from the stage-coach of old to the lightning j 
express of to-day marks as great advance in the methods of pas-1 
senger transportation, probably, as docs that oE the telegram ovei 
the post message. But while these improvements in methods i 
highway transportation have been going on steadily for over fift^ 
years, with the brilliant results well known to all, there is onffl 
class of traffic which, even up to within a short time, has remaiDed>l 
perfectly stationary since its inceptiou ; aud that is, the street-carl 
or tramway traffia Banning with the horse as the motive powerj 
over fifty years have passed without an essential change in the metboda 
of propulsion, and it has remained for that subtile and vigoroufll 
agent, electricity, to solve the problem which has taxefl the capacity I 
of engineei's tor half a century. Attempts, it is true, liave been made.4 
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tu tlisplace tbe horse by mechanical {lOwer, applied in the shape 
of tbe Bteam and compressed-air locomotives, and again by the more 
recent cable ; but the objections to their employment iu the crowded 
streets, together with the now acknowledged superiority of the electric 
railway, allow of the assertion being safely made that, except in very 
rare cases, the former must now be considered methods of the past, and 
that the long serfdom of the horse will be. brought lo an end by the 
«lectric motor applied to the street-car. 

As brilliant an achievement as the electric railway of today undonbt^ 
edly is, it has had its period of development, like every other modem 
industrial application of im|X)rtatioe; and the [)eriod from its inception 
to floal consummation was indeed by no means a short one. The rea- 
sons for this are, however, traceable to the same causes which so long 
retard)^ the introduction of the electric light ; the long delay being due 
to the alsence of a sufficiently jKJwerful and economical generator of 
electricity. To the student, tbe tracing of the bistory of this develop- 
nient presents a most interesting line of study and research, but tbe 

.its of this chapter forbid our entering ujmn it except to briefly 
intion the early workers in this field. 

As far back as 1835, Stratingh and Becker, of Groeningen, and 
Botto, of Turin, in 1836, constructed crude electric carriages. They 
were shortly followed by Davidson, a Scotchman, who, in 1838-39, 
,ilt an electric car weighing five tons, with which be obtained a speed 

four miles an hour. These were contemporanetms with others in 

United Statt'S. where Thomas Davenport, a blacksmith of Brandon, 
Tt., built a small circular railway at Springfield, Mass,, in 1835, which 
he operated by means of electricity, tt is also worthy of note here 
that to Davenport, probably, belongs the honor of having tirst printed 
a newspaper by electricity, one called the Ekdro- Magnet and Mechanics' 
Jnlelt^mcer, in 1840. Foremost in the ranks of American pioneers in 
field, however, was Professor Page, of the Smithsonian Institution, 

;e account of whose works is given in another chapter.* 
•See "Tlie Elitlrk- JHolur unci its A pp lien I ions." 
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Tlie railroad experiments "f this scientist consisted in the operatioo 
of an electric locomotive between Wasliington and Baltimore, in the 
coarse ot which he obtained on one occasion a speed oE nineteen miles 
an hour; bat the diiEculties experienced with the Grove prunarv bat- 
teries on the car were such as to force him to abandon the scheme. 
The work, in this field, of Professor Moses G. Farmer, in 1847, and of 
Thomas Kail, who exhibited a model electric locomotive at the Chari- 
table Mechanics' Fair in Boston, in 1851, can only be mentioned. 

All these experiments, however, interesting as they were fro: 
scientific standpoint, were destined to practical failure on account of 
the enforced employment of batteries as the source of electrical energy 
and it was not until the invention of the continuous^iurrent dynamo- 
electric machine that the actual solution of the problem became possibla 
Soon after the invention of the dynamo, Siemens and Halske, of Berlin, 
madesomeattempts to apply electricity to railroad purposes; but the ii 
perfections of the early machines led to the abandonment of the project. 

But the advances which had been made in the art of dynamo-build- 
ing, and the discovery of the reversibility of the dynamo, so that it 
could be employed as a motor, led to renewed attempts, and at the 
Berlin Exposition o£ 1879, this same firm operated a small electric 
railway, which was perhaps the first commercial electric railway in th» 
world opened for regular traffic, American inventors, however, had 
by no means been idle, since almost at the same time Stephen D. Field, 
the nephew of Cyrus W. Field, ot Atlantic cable fame, and Thomas A. 
Eilisou, had conceived the idea of the miidern method of operating^ 
electric railways ; and it is interesting to recall these attempts, as show- 
ing the lines on which these early experiments were carried out. ThiE 
is illustrated by the locomotive constructed by Mr. Edison at Menio 
Park, in 1880, shown in the engraving, Fig, 1, after a photograph pre- 
served in Mr. Edison's library. 

These experiments encouraged other inventors in this country, 
among whom may be mentioned Leo Daft, who, in 1883, operated the 
Saratoga and Mount McGregor Railroad by electricity. Edward 




Beotley and Walter H. Enight also deserve mentioti for iheir pioneer 

, work, which tended mainlv in the direction of supplying a practical 

(ystem for operating railways bj means of the conduit system ; and 

lally C. J. Van Depoele, to whom the progress which the electric rail- 

flBy has made iu this country is largely indebted. 

With this brief review of the efforts which have led up to tLe e!ec- 
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trie railway of to-day, I shall pass to the consideration of the subject as 
it presents itself in its latest aspect. 

Broailly speaking, the electric ear is a self-propelling vehicle, in 
which the propelling force is furnished by a motor actuated bj an elec- 
current. For the purposes of convenience, electric railways may be 
iirided into three classes, depending upon the manner in which the cur- 
rent is supplied to the electric motor upon the ear. These are : 

L The "overhead system," as it is called, in which the current is led 
from the generating machine at the station to the car through a wire 
iced above the ground. 
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2. The " underground system," or that in which the supply uonducto 
are placed below the ground. 



which the current ia furnished 1 
■, which have been previously charg 



3. The '^ storage-battery system," 
storage-batten ea carried on the c. 
with the required current. 

Though differing in name, these various systems are alike in prind 
pie, and, indeed, have much in coniinon ; but this artificial distinctioi 
may be conducive to a better understanding of the subject 

As other chapters * in this book give the reader a sufficiently ^ 
idea of the theory and action of the electric motor and the dyn 




vhey need not bo here described, and a view of the plan upon wLicb tl 
first of the systems of modem electric railways altove mentioned 
aled can be at once presented. The sketch, Fig. 2, shows in ouUine 
principal elements of this system. These consist, broadly speaking, 
the generating station, the line, the car, the motor, and the retum-circuil 
At the generating station there are an engine and boiler which furnial 
power to drive the dynamo D. The current generated by this macbil 
is conducted by a wire to the line X, which is strung on posts and 
parallel with the track. The car, in order to obtain the current, makes 
continual contact with the line L by means of a trolley, the current 
passing down by wires to the motor M, connected with the axles of the. 
car. Aft«r passing through the motor, the current passes into the wh< 



• See " Electricity in the Serrice of Han." and " Electricity In Ughting." 
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of the car, and thence into the track ; the latter, it will be seen, is con- 
nected to the other pole of the dynamo />, and a complete circuit is thaa 
formed. It will be noted that in addition to the track connection as a 
return (or the current, the earth is also called into play, acting as a con- 
ductor in the same manner na it is employed i n telegraphy, and with the 
same advantages. Tliis is effected by connecting the track at intervals 
vhh large plates shown at F, buried in the wet ground, and the integ- 
rity of the circuit is additionally enforced by connecting the rails elec- 
trically by means of copper wire, indicated at J, as the ordinary fish- 
plates joining the rails cannot be relied upon to give a continuous 
electric circuit such as required. 

Some ot the more important details, upon the success of which the 
operation of the electric railroad largely depends, should be next con- 
siders!. 

As recently remarked, with much truth, by a writer in referring to 
ilie electric street-car: "The truck is the car;" hence, as this element 
is common to the three systems above mentioned, it seems first in order 
ii. claim attention. The truck being the support of the car-body in 
which the passengers are carried, is necessarily limited to certain dimen- 
fiona, and the problem' of concentrating motors of sufficient power to 
]ir.ii»el tlie car, into the limited space available, afforded a good field for 
inventive genius. Again, the manner in which the power generated by 
ibe motor was to be transmitted to the wheels and axles, though appar- 
ently simple, was found to be by no means easy of solution ; and even 
ai the present time diilerences of opinion exist on this point Economy 
in weight aa well as in power requires that motors shall be run at high 
speed, and, aa the car-wheel, as a rule, runs at comparatively low speed, 
it is evident that some method of reducing the speed of the motor to 
that of the car-wheel must he employed. Among the various methods 
■which have been proposed and triw.1 are friction gearing, connection by 
means of belts, the sprocket and chain, the wonn and wheel, the direct 
ink action, and finally the gear and iJinion. Of all these, the last 
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may be said to be practically the only one which has thus far come into 
any extensive use, at least so far as this country is concerned ; and, as 
the number of our railways in operation far exceeds that of all the rest 
of the world put together, it is safe, for the present at least, to designate 
this method as the typical one in use to-day. 

Ill order that the reader may therefore clearly uuderstaod the con- 




Btruction of the ordinary electric railway truck, a view is shown in Fig. 
3 of theform designed by Frank J. Sprague, one of the most successful 
of the new school of electrical engineers. As the space between the bot- 
tom of the car and the ground is necessarily confined, it has been found 
expedient in practice to divide the motive power into two units by the 
application of two motors, one to each aile, as it ia evident that one 
motor sufficiently powerful to do the work would, as a rule, be very 
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diflicQU to place under tte car without interlering with its present con- 
struction. Tbe manner in wbicb the power of the motor istraosoiitted 
lo the wheels is very clearly shown. The only moving part, the arma- 
ture, has at one end of its shaft a small gear-wheel which meshes with 
a pinion placed upon a counter-shaft which passes through the legs of 
tbe magnet; and the other end carries a similar pinion, gearing with a 
toothed wheel connected to the axle of the car. Hence tbe armature 
of the motor, which rans at high speed, transmits its power to the axle 
at a lower speed by means of this gearing. The successful operation 
of this gearing, however, requires that all these wheels shall remain 
in a constant fixed relation to each other, and in order to accomplish 
this the very ingenious exi)edient has been applied of centring the 
motor itself ajwu the axle of the car; Ihoa, no matter how much the 
vehicle may be jarred during its passage over the track, these wheels 
will always bear the same relation to each other and to the axle upon 
which they are mounted — a most essential ^)oint for their proper opera- 
tion. 

Provision must also l>e made for the easy starting of the car, and to 
■ent disagreeable shocks from the sudden starting of the motor 
:a the current is switched on. This is accomplished by suspending 
the free end of the motor between a pair of springs, which are shown 
supported by cross-bars stretching from side to side of tbe truck. Thus 
the motor is given free vertical play for a short distance, and the shocks 
which would Ije cauaetl by a rigid arrangement are taken up by the 
springs and the car started with a gradual movement It may be said 
thiit tlie advent of tbe electric railroad has entailed an entire remodelling 
v( the street-ear truck formerly employed, and has indeed constituted 
almost distinct, new field of invention. 

It is upon a track of tbe nature above described that the car-body is 
'Dnted. and the result of the construction adopted is that the working 

lanism is entirely removed from view. 
A small but very important detail, which has added much to tbe 
isful 0[>eration of the motor and the car, consists in tbe substitution 
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of a carbon brush bearing against the commutator, in place of the cop- 
per brush, which had until very recently been employerl. Small as this 
detail may appear, it ia almost safe to say that it constitutes one of the 
most distinct advances in the electric railway motor that baa been 
effected since its practical application. 

Another very interesting method that has been proposed for trans- 
mitting the power of the revolving armature to the axles and wheels 
consists in mounting the armature directly upon the axle of the car, so 
that no intermittent gearing whatever is required, the armature shaft 
and the axle being identical. A late idea in this department is ©m- 
ttodied in the design of Mr. William Baxter, Jr., of Baltimore, who pro- 
poses to enclose the motor entirely within the car-wheel, and thns to 
relieve the axles of all strain due to the weight of the motors. 

The moFt recent development in this branch indicat^'s the employ- 
ment of slow-speed multipolar motors, by the use of which one pair of 
intermediate gears can be avoided. 

I'he consideration of the various methods by which the current is 
led from the generating source to the motor on the car, by means of the 
overhead wire, can now be entered upon. This, evidently, ia most im- 
portant, aa upon the effectiveness and integrity of the " line " depends 
the successful operation of the roail, just as in tel^raphy the line wire 
requires to be maintained perfect in order to effect communication. 

Looking back to the early electric railways operated by Siemens at 
Berlin, it is found that the same arrangement, long practised in teleg- 
raphy (which is depicted in Fig. 2), was there adopted; but the con- 
ductor, instead of being overhead, consisted of a central rail placed be- 
tween the other two, but insulated from the ground. The current from 
the dynamo first passed through this central rail, then into the motor 
through the wheels, and then into the two outer rails and the ground, 
which carried it back to the other pole of the generating dynamo. 

This construction was also adopted in bis early work by Leo I 
in this country ; but it is evident that, except in special situations, itfj 
not suitable on account of the danger of shock which it involves t 
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18 and animals crossing the tracks, by coming in comact witli the 
inductor. The two rails themselves have also been employed exclu- 
fiveiy as conductors, the one rail being the positive side of the systeni, 
id the other the negative. 

The overhead line ot to-day, in connection with electric railways, is 
ling through the process o£ evolation similar to that of the other ele- 
icnta of the system. The first attempts in this direction consisted in 
Dg Upon posts a tube having a slot running along its entire length, 
and facing downward. Within this tube there was placed a slider, 
which was connected to the motor on the car, and which served to uiain- 
a continuous contact between the moving car and overhead con- 
ictor. The operation upon this method, though still continued in one 
or two instances abroad, was soon abandoned, however, and its place 
taken by the plain cylindrical wire upon which a trolley-wheel was 
maintained, which moved in connection with the car, and served to make 
le necessary contact between the motor and the overhead conductor. 
trolley had therefore necessarily to lie supported by the wii-e, and 
iDsequently demanded a wire of suitable strength to stand the strain 
of the travelling wheels. Hence, to avoid this difficulty the very 
ingenious idea was adopted ot supporting the contact-wheel at the end 
of an arm resting on the top of the car, and pressing it in contact with 
ibe lower side ot the wire ; as a result of this it is evident that the wheel, 
iBtead of being a load upon the wire, actually serves to support the 
,re ill its course; and, consequently, a much lighter construction can 
adopted in this case than in that previously mentioned. 
The manner in which the conductor carrying the current is main- 
tuned in position overhead is subject, naturally, to the conditions both 
the traffic and the nature of the road through which the tracks pass, 
lerefore there are various types of overhead constructions. In ordi- 
■y cases, in cities where two tracks are placed side by side in a street, 
there are two general modes of suspending the overhead wire. A very 
admirable example of the manner in which this can be accomplished, 
obstructing the street or in any way marring its beauty, is t 
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which is ilhistrated in the engraving, Fig. 4, which represents the Thom- 
son-Houston electric railway, operating in Washington. Here orna- 
mental iron poles are placed at suitable intervals, and carry cross-arms, 
from the ends of which the wire is ausj>eniJed by means of an insulator. 




This simple conatruction permits also the illumination of the street- 
for it may be noted that every second pole is surmounted by a cluste 
of incandescent lamps which light up the roadway both for the cars a 
(or the traffic which may be passing on the streets. These lights may' 
be run from the same current which supplies the motors on the caray 




t wh«re tbis is not considered desirable, a separate conductor cau be 

; lor that purpose; in either case the posts themselves afford a 

vAy means foi the suspension of the lamp. 

Where the streets are not wide enough to permit of the adoption 

. systetn of poles running along the centre, another method is 

Mjaently adopted, which consists in placing the posts at the curb 

B on either side of the street, and suspending the conductors by 

1 of wires stretched from opposite poles across the street. This 

etbod of construction is shown in the engraving, Fig, 5, which 

represents the operation of the Spragne electric railway at Wilkes- 

borre, Pa. 

Electric railways in many instances connect cities with their sub- 
, with tracks fi-equently runoing for considerable distances. The 
etbod of overhead construction in such cases consists in using a line 
J poles baling single arras extending from one side, a general type of 
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which is weli illuatrated in the engraving, FJg. 6, whicb shows a sectiop 
of the Thomson- Houston electric railway at Rochester, N. Y. 

In the outline sketch, Fig. 2, the main conductor is repreaent«il by 
a single wire. It is evident, however, that any break in the overhead | 




circnit, as there shown, would cause an interruption to the traffio. ] 
Hence at the present time there are, in fact, two systems of conductors ' 
employed ; one of these, called the main conductor, is run out from the 
dynamo generating-station to various ]>art8 of the road, and connects 
with the working conductor, as it is called, to which the trolley-wheel 
makes contact The working conductor being thus fed into at a dozen 
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blaces, n break io any one part of the circuit will not cause any inter- 
jtion of the current, so that in reliability of operation tbe electric 
Vfailway i& far superior, probably, to any otber method now in existence, 
land indeed much preferable to tbe cable railway, in wbicb tie opera- 
^.tion of tbe road depends entirely upon the integrity of the cable, and 
l.any stoppage of which means a total interruption of traffic. 

As simple a matter as it may seem, the successful operation of the 
["under-contact" trolley required an enormous amount of experimenta- 
■tioii before the proper type of contact was obtained. The one in geu- 
Eferal use to day consists merely of a. grooved wheel, which is fixed at 
iie end of the trolley -arm. As tber« is always more or less sag to the 
wire, some method must be provided for keeping the wheel in constant 
' contact, which evidently could not be effected if the wheel were rigidly 
a,ttached to the car-body. To cdfect this, therefore, the arm upon which 
the contact-wheel is mounted is pivoted flexibly to the top of the car, 
k^ Kcries of springs serving constantly to push the arm upward. It is at 
Btfae same time sufficiently yielding to allow it to overcome any inequali- 
ties in the level of the wire or of the road. The arrangement is such 
that the arm has a free motion from a vertical position to a perfectly 
borizontal one, so that electric cars may pass under bridges, for in- 
tance, reaching to within six inches of the top of tbe car. 

The overhead system so far described consists practically of but a 
ingle overhead wire, with a ground return for the current ; but then 
e still some who prefer to use a continuous metallic overhead circuit 
"his naturally entails the running of two wires instead of one; one 
! serving as a feeding wire and the other as the return wira Tbe 
rinciple of operation is evidently the same in both eases, and a very 
bterosting example of this case of overhead construction is that 
fforded by the Daft electric railway operated in Cincinnati, a view of 
Bich is shown in Fig. 7. 

It may be remarket! that, although the large majority of the roads 
D operation t<Mlay make contact with the under side of the wire by 
wheel, there art? still some who adhere to the older practice 
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of EoaiotaiQiug a sliding contact with the conductor ; among them b^ing' 
Sidney H. Short, who prefers a sliding contact at the encl of the arm 
which ia pressed up against the under aide of the wire, and continnally 
rubs against it in its passage. 

The adoption of tho overhead system has been so general that but 
comparatively little has yet becu done in tho way of a practical appli- 




cation of running conductors underground. It is evident that by main- 
taining the system almve the ground, it can be closely watched and 
reaflily inspected at all times, and the slightest fault which may be de- 
veloped can be hunt«d up and remedied in the shortest possible time. 
Again — and perhaps this may be deemed the most important factor 
which has led to the preference of the overhead system to the under- 
ground — there is the small co^t at which it can be erected and main- 
tained. I 
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But it was early evident that the dematid of the public in crowdeil 
I cities would io time force the adoption of suuie underground system, 
and various plans have l>een suggested with tiiis end in view. Evi- 
dently ihe principle remains the same aa that employed in the overhead 
system, but many are the difficulties which present themselves when 
the condactors are placed below the surface. The problem involves, in 
the first place, a construction which will effectually resist the action of 
I all forces tending to disturb the relative position of the wires under- 
I ground ; and where the traffic on the streets is very heavy this involves 
a very strong construction of the conduit. Again, it Ja absolutely 
necessary that the conductors shall remain thoroughly insulated from 
each other and from the ground under all eonditiorjs of weather, The 
frequent heavy rains and snows occurring in this cunntry, therefore, 
* necessitate the adoption of a consiruction which shall permit of a ihor- 
I ough insulation of the conductors and a drainage of the entire system, 
not only to prevent an entire stoppage of the operation of the road 
I !jy flooding, but also to avoid a continuous loss of current from con- 
I ductor lo conductor by leakage. To such general conditions are added 
others of minor importance. To meet all these, therefore, has been the 
I Buhject of not a little study. Only a comparatively brief reference can 
be made to one of these types, the design of Messrs. Bentley and Knight. 
I It is well illustrated in the engraving [Fig. 8]. A number of con- 
I etructors have arranged the conduit to run along the centre of the 
I track, but the objections to this method of operation have been over- 
I come by placing the conduit at one side of the track. As shown in the 
I engraving the two conductors are supjwrted upon porcelain insulators 
I fixed to the sides of the conduit. Placed directly above them are 
the two slot-rails through which a plough attache<l to a cross-beam on 
I the car-truck enters. The lower end of the plongh carries two contacts 
I mounted upon springs, so that they are kept in continual contact with 
[ the conductors. The conduit is constructed of heavy cast-iron, horse- 
shoe shaped ribs, which are laid in the ground and connected contin- 
I uoualy by an iron shell fixed to the flanges. For the proper and easy 
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examiDatioit of the conduit, hand-holes are provided at short intervals^ 
one of which ia shown in section in the engraving. 

Although a limited number of electric railways operating with the 
conductors placed in conduits are in successful operation to-day tlie 
difficulties encountered in their operation have led inventors to seek 
other means of communication between the conductors and the motor 
than is afforded by raeaus of a plough ; moreover, a slot running along 
the surface of the street is also looked upon by some as an objection, 
the removal of which would be desirabla To avoid both these a num- 
ber of inventors have hit upon the idea which consists in laying the 




conductors underground, and, ot short intervals, providing devices 
which shall close the conductor circuit through the car at whatever 
place the car happens to be. In one of these systems, that designed by 
Messrs. Pollak and Binswanger, a magnet carried at the bottom of the 
car acta upon a switch placed, every twenty or thirty feet, below the 
surface of the street, which switch closes the circuit nnd sends a cur- 
rent through the motor on the car from the main conductore. A sya- 
tem of a similar nature has also been designed by Mr. MeElroy, of 
Pittsburg. Quite recently a system on this plan has been put in opera- 
tion near London by Mr. Lineff. 

As remarked recently by a well-knowa electrician, the under- 
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groond electric-railway problem does Dot of itself present any in- 
herent difficulties, but an eaaential element in its success is proper 
engineering, sucli as has been proved necessary as the result of past 
eiperieDoe in cable traction. And, according to the game authority, 
^Hrihe laying down of a cable conduit ought to be hailed with delight 
^H^by electricians, as, sooner or later, it will moat probably serve as a 
^^Pt«ceptacle for electric-railway conductors. 

There are two different ways in which electric cars may be operated, 
considering their electrical relation to the conductor. Electric lamps, 

Its is explained in the chapter on "Electricity in Lighting," may 
le connected so that the current (laaaes through each lamp in suc- 
cession. This ia the system upon which the large arc lamps for street 
illuminaUan areconnecte<i, and is called the "series" system. Another 
^method, however, which is that almost universally employed in connec- 
tion with the incandescent lamp, is the connection of the lamps a 
the circuit, the lamps being, as it were, placed parallel to one another 
across the outgoing and returning wires, like the rungs on a ladder, and 
each lamp obtaining its current independently of the other. This is 
callcl the " multiple arc " or " parallel " system. The latter inotbod is 
the one upon which the large majority of electric railways running 
to-day are operated. It requires that the electric pressure at the ter- 
minals of the dynamo, and hence upon the line, shall remain constant, 
whilo the current passing over the line varies, of course, with the num- 
ber of cars which are being operated at the time ; ten cars, for example, 
■taking ten times as much current as one ear. 
But the series system of operating ears still baa its adherents, among 
them Sidney H. Short, of Cleveland, 0. In his system the current is 
maintained at the same strength throughout, and passes from one car to 
the other undiminished in strength. It involves, however, a change in 
the electric pressure of the line, ?o that with ten cars the pressure would 
be ten times as great as that required with only one car in operation. 
Tbns, although no actual power is saved, since in one case the pressure, 
D the other the strength of the current, is varied proportionately, its 
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adherents claim for it certain other advantages in operation, among 
others, a saving in the cost of conductors. 

The storage-battery system is frequently called the ideal system of 
street-car propulsion. It is true it is the most pleasant to contemplate 
both from the standpoint of the public and the street-car manager. 
The objections which are held against the erection of wires and poles 
in streets, or the placing of conduits which necessitate slots in the road- 
way, would evidently be entirely overcome by a system which should 
leave each car independent of every outward source of power. This 
great desideratum is undoubtedly best embodied in a car equipped 
with its complement of storage-cells previously charged, the car moving 
over the road as a single unit independent of all other conditions. 
These manifest advantages were early recognizetl, and hence it was not 
long after the practical storage-battery was invented by Faure, that 
attempts were made to apply it to street-car propulsion. The first of 
these cars was put in operation in Paris, in 1882, and was followed by 
ex|»eriniontal operations in various other ])laces. In 1885 a competition 
at the Antwerp International Exhibition, arranged l)etween an electric 
car, steam locomotives of various kinds, and a compressed-air engine, 
resulted in the complete victory of the first Progress has, however, 
iKien steadily going on, and though but few such roads are in operation 
as compared with their more vigorous competitor, the overhead system, 
the belief is entertained by many that, with improvements that will 
undoubte<lly be made in the storage-battery, this system will occupy a 
very prominent position in the future of electric traction. The reason 
for this will l)e apparent when we consider the very simple elements ol 
which it is composed. The motive equipment of the car does not differ 
essentially from that alreadv descril)ed in connection with the overhead 
system : but to this is added a set of storage-batteries which hold a suf- 
ficient charge to propel the car a given numl)er of trips. The illustra- 
tion [Fig. 9] shows such a car as operated at present by the - Julien 
Electric Traction Company, in New York. The batteries are placed 
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under the seats, and occupy no space otberwise useful. This system 
requires, of course, like those above described, a station in which a suf- 
ticient furrent is generated for charging tlic cella Here the cells are 
charged in r^ular rotation ; the car, after its ran, enters the car-house, 
di^jliarges its exhausted cella, and is furnished with a new set, which 
have in the mean time been charged. This operation requires but a 
minute or two. The arrangement can be so made that the work of the 
engines at the staiion in charging the cells is praeticaliy continuous 




during twentv-four hours if necessary, which conduces to a well-known 
economy in operation. 



Such, in general, are the main features of the systems of electric 
railways which have thus far been developed to any considerable es- 
tcnt. The rapid extension of the electric street-car system which has 
taken place (especially in this country), naturally leads to the question 
of tiie cause thereof. To have gained such preeminence it must be 
[able to do not only what other systems can do, but, still more, it must 
I able to do it at a decreased cost. Again, removal of thousands nf 
B from the streets of a city, involving, as it does, the doing awav 
rith the noise and dirt, is another distinct gain to its residents. But il 
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one goes still farther, and contemplates the difference between a stable 
housing thousands of horses, and an electric-car station of suilicieDt 
size to operate a road with the same efficiencj, one is at once struck 
with the advantages on the side of the electric system, which, indeed, 
are incontrovertibla Instead of a large, ill-smelling building whose 
odors are wafted for many blocks (making the tenancy of houses within 
half a mile almost unbearable, and involving a large depreciation of 
property in the neighborhood), there is a neat, substantial building 
equipped with a steam plant and dynamos, and occupying hardly one- 
tenth the space required for an equivalent numl)er of horses. There- 
fore, not only is there effected a removal of the nuisances attached to a 
stable, but a largo saving in the cost of real astate, and the far greater 
amount involved in the known depreciation of the surrounding prop 
erty. Besides this, the stables are of necessity required to be in close 
proximity to the track, whereas the electric power station, which fur- 
nishes current to the car, may be situated a mile from the track in some 
suitable place, as, for instance, beside a river, where, with condensing 
engines, ])ower may te generated at a minimum of cost 

Again, looking at the electric street-car from the standpoint of the 
engineer, it becomes evident that it is an undisputed rival of all other 
systems of mechanical propulsion. For example, it requires no device 
for the suppression of dirt, dust, and smoke in the streets, the neces- 
sary accompaniment of all steam locomotion. But most important of 
all is the exmsideration that the electric motor has, in fact, but a single 
moving part, the armature, the motion of which, unlike that of the 
steam and compressed-air engine, instead of being reciprocating, is 
rotary, and hence avoids the disagreeable jolting which attends the 
riding in cars which are of necessity frequently required to start and 
stop. As a consequence of there being but a single moving part, the 
cost and care re<juired to kec]) the electric motors in running order is 
but a minimum, and the art of building them has to-day advanced to 
such a point that, with intelligent supervision, the life of the machiiie 
is equal to that of any similar mechanism. 



OPERATION ON BEAVY GRADES. 



^L It is fair to assume that but few roads exist which are so favorably 
ffltuateil that they encounter no grades in their course; and when the 
ri^jxjsition lo employ electricity as a traction agent was first projected, 
: le difficulty aa to the ascent of grades was held out aa one of the draw- 
bucks to the application of the system. But it required but a short 
period of actual experience to demonstrate that in just siifh situations 
the electric car was superior in every respect to the horse, and indeed 
i'-> the steam locomotive. Grades exceeding ten per cent are being 
overcome on roads now in operation, and others of lesser degree are 
DOW considered aa of easy accomplishment with the electric ear. In 
order to be able to cope with such grades it is, of course, necessary that 
the motor attached to the oars have ample power, and it has therefore 
l>ecome the custom to equip the trucks with two motors ranging from 
10 to 15 H, P. each, thus giving the car an available traction power of 
from 20 to 30 H. P. Considering the fact that the ordinary horse-car 
lias, as a role, but two horses, this might to some appear an excessive 
amount of power equipment ; but the fact must not be lost sight of, 
tliat while, ordinarily, two horses exert their normal, average strength 
in keeping the car in motion when once brought to its proper speed — 
the effort which they exert in bringing a car from a dead standstill to 
its pro[»er speed often actually exceeds ten horse-power. Hence it is 
that the frequent heavy exertion required of horses in the street-car 
traffic results in their rapid wearing out and final disability for active 
service after three or four years' work. Therefore it ia necessary that 
the electric car should be provided with the power corresponding at 
least bo that which the horee exercises when required ; but it is evident 
that, once started, the motor need only deliver a small part of its 
capacity, sufficient to keep the car in motion. But since electric cars 
are put upon roads having grades which have not been attempted with 
animals, additional power is frequently required, and hence it is that as 
high as 30 to 40 H. P. are sometimes concentrated on one car which, 
under normal conditions, hardly requires more than three or four for 

^■to propuIsioiL This increase of power has also been necessitated Vm 



THE ELECTRIC RAILWAY OF TO-DAT. 



tbe prsctice wbicli has sprung up of conpling one, and sooietimes two 
or three tow-cars, with a motor car. so that ia realitjf the motors of ooe 
car are required to do the work of two or three. 

Id this coonectioii attention should be called to a pbenomenon 
which mar now be considere-l to be an established fact, in rirtae of 
which electric cars are aided in ascending heavv grades. This phemv 
menon, which was probably first obser\-ed bv Leo Daft, at bis works in 
Greenville, N, J., in 1882, is that, when the current jiasses from ihe ear- 
wheel to tbe track it causes an increased friction or resistance to sliding 
between them, tbe result of which is that slipping is to a large degree 
prevented, and heav-ier grades can be attempted: and, on the other 
band, heavier loads taken up than would be practicable with a system 
in which the current did not pass lietween the wheel and the raiL The 
explanation of this phenomenon, though not completely establishnl, 
seems to lie in tbe direction of a slight welding action which takes plan 
between tbe wheel and tbe rail, caused by tbe heat generated by tbi.' 
current 

In respect to the regulation and operation of electric cars, it may be 
remarked tbat there is no system which is more elastic. The driver dl 
the front of the car has under his control the switch, so that by a siroiJI 
movement of a handle be may regulate at will the speed of the car 
from a standstill to full speed, as well as its direction of motion. Up 
to tbe present time the hand-brakes, as a rule, have been retained; but_ 
it is evident that with a motor under the control of a driver which 
be instantly reversed, a powerful addition to the ordinary hand-bi 
is placed in the hands of the driver, and thia has been often turned' 
good advantage to prevent accidents. In support of this it may 
cited that since tiie inauguration of the electric railway in Clevelai 
O., the number of accidents has been far less than for tbe corre8pon< 
ing period during which the road was operated by horses, notwithstai 
ing the fact that the electric cars are run at a higher speed. 



The operation of street railways by electricity, although even i 
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completely demonstrated to be more economical than by either horses or 
cables, is yet too recent to afford the more reliable figures which can only 
be obtained after extended use ; but from an investigation made on a 
number of roads by O. T. Crosby, some very interesting data are devel- 
oped. The results of Mr. Crosby's investigation show that the average 
cost of motive-power for the roads in Washington, Richmond, Cleve- 
land, and Scranton, was about 5,09 cents per car mile, and the relations 
of the varioos items which go to make up this total cost are exceed- 
ingly interesting. Thus it is shown that the interest on the investment 
constitutes about one-fourth or one-fifth of the whole; that is to say. 
about one cent per ear mile; coal, as a rule, about twelve per cent; 
attendance, about forty per cent; and the machinery and line, without 
interest, the remaining twenty per cent. But with all these manifest 
advantages of the electric railway, the best proof of its superiority is to 
be found in the experience of those who are using it; and if the unso- 
licited praise from that quarter is to be relied upon, then certainly the 
electric railway is an unqualifled success. 
^^L At the eighth annual meeting of the American Sti'cet Railway As- 
^^■Kiation, held September, 1889, at Minneapolis, the committee which 
^^fcd been appointed for the purpose of investigating and reporting upon 
electric railways, submitted a report which should finally set at rest the 
doabts of those who still believe the electric railway to be in the exper- 
imental staga Thia committee reported in fact that, "if it is desired 
to make a change from horse-power, electricity will fill the bill to per- 
^^ection, no matter how long or short the rood, or how many passengers 
^^■b carried. In the investigation of the subject the most satisfactory 
^^BBiilts have been shown; it not only increases the traffic over the 
-road, but reduces expense, and actually enables us to operate a line, 
which heretofore entailed a loss, at a profit" After discussing the 
rious systems, the committee gives an estimate relative to the cost 
f equipping a railway on three systems, namely, on the cable sys- 
, the overhead wire, and the storage-battery system, which is as 
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A comparatiTC statement of the eost of construction of a tea-mile road complete, 
»llh fitteeu cars, would stand probably as/oUowii : 
Cable System : 

Coal ot cable conHtruction #700,000 

CoBtof power plant 135,000 

Cost of c»ra 15.000 

$840,000 
Eli-ctrical Overhead-wire System : 

Cost ol ro»i-bed $70,000 

Cost of wiring 30,000 

Tost of c*rB. 60,000 

Coat of power plant 30,000 

(100, 
Storage-battery SyKl*m : 

Cost of road-bed $70,000 

Cost of cars 75.00* 

Cost of jHjwer plant 

$175,000 

In tlie ulnve vASca of electrical coDstruclion, the motor-i'^r would be capable of 
pulling one or two low-carii, if neccesary. These fibres your committee have no doubi 
will be fouDi] to be calculated witbiii a ivaKunable limit of I'oet. 

Here, then, is at once a most potent argumeBt for the adoption of the 
electric railway over the eabie syatera, for (while answering all the de- 
manda which can be made upon a car) its cost of installation is nearly 
five to one in favor of electricity. To this must be added the fact that 
in the case of tho cable, under favorable conditions, only eighteen per 
cent of the jmwer of the engine is actually employed in the propulsion 
of the cars, the remainder being consumed in the mere haulage of the 
dead cable; while in the electric system at least fifty per cent of the 
engine power is available for traction purposes. The cost of power, or 
coal requiretl, is thus approximately three to one in favor of electricity. 

As remarked in that report, the installation of au electric railway ia 
place of horaea ia uniformly accompanied by a large increase in receipt^ 
as well as a decrease in expense. Both of these items working together. 
have resulted in a most remarkable showing of eaminga for such roadsL 
Only a few instances need be given to demonstrate this: The electrioi 
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railway at Davenport, la., started on September 1, 1888, witb five four- 
teen-foot cars. The road included a grade of seven and a half per cent. 
for sixteen hundred feet, and tbe iollowing table gives a comparison of 
the earnings for fonr consecutive months, operating with horses and 
with eiectricitv : 




October. 



91,347 40 
1,332 47 
I,) 81 49 
1,S8S 14 



$1.355 40 



Net. 
$474 79 



tl.ft»7 IB 

1,903 04 

1.886 iMi 

3,0S-J 98 



(i.gos 63 



$He7 15 
1,121 U 



(i.ose 91 



W mfembM 

^Woember 

^P As here shown, there was an average net increase of two hundred 
and ten per cent in the receipts. Other places have shown still more 
remarkable results, but the reticence of the managers of these roads 
naturally prevents the publication of what might otherwise almost be 
considered apocryphal earnings. One case may be mentioned in which, 
for thirty-one days, during the month of July, 1889, the receipts 
.■mounted to ,'510.605, and the operating expenses $3,735, showing a net 
Igain of $6,870 ; and another ia which, for the month of August, 1889, 
operating recdpta were $4,317.4R, while the total expense amounted 
» $871.04, giving a net profit of §3,446.42. 

The popularity which tbe electric cars have obtained in cities where 

' have been employed ia well known, and easily accounts for the 

markable showing made in the earnings of the road. Tbe service, 

1 of being slow and uncertain, as under the regime of the horae, 

s now swift and sure, and delays are practically unknown. For a time 

loubts were expressed of the ability of the electric cars to cope with 

8)e conditions imposed by our harsh Northern winters, but the experi- 
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enee of the last two years has ahowu that such fears were unfounded, 
and the moat severe atorins which passed over this country Jast wiater 
caused not the slightest delay ia the operation of eieetric railways. A 
good example was given of this immunity from delay by many of the 
Western roads, among them those of Omaha, Council Bluffa, Cleveland, 
Davenport, and St Joseph, where t!ie electric cars maintained schedule 
time, whereas the Lorse-cars were running at irregular inten'als witb 
double teams. It is evident that with a sweeper provided with powerful 
motors for removing the snow from the tracks, and kept constantly run- 
ning over the line, there is nothing to prevent its being kept clear at oil 
times. Even without the sweepers, the cars themselves have sufficient 
ix>wer to force the snow aside and raaintsiin the track clear, as has often 
been demonstrate^!. 

Oup own country has made far greater progress in the applicatioa 
of electricity to railways than all the rest of the world included, and it 
is therefore not uninteresting to glance briefly at the rapid increaaa 
which the system has undergone. The first trustworthy statistics on 
the subject were given in a paper read by T. C Martin before the Amer- 
ican Institute of Electrical Engineers, in May, 1887, in which he showed 
that there were in o[x;ration at that time in the United States thirteen 
electric railways, carrying about three million five hundred thousand 
passengers annually. The latest and most trustworthy statistics n.'l8t- 
ing to the same subject show that there are in operation in this country, 
and in course of construction at the present time, no fewer than 260' 
electric railways, operatinj? over 3,000 cars, with 1,753 miles of track. 
The number of passengers carried it would be difficult to estimate, but 
it must be considerably more than 1,200,000 daily. 

Among the larger cities in which electric railways have been put ia 
opcratioTi, the foremost is Boston. W. U. Whitney, the president of the 
West End Eailway, of Boston, after thorough investigation and trial of 
the electric railway, was finally so well convinced of its superiority; 
over all other methods of atreet^car propulsion that he recommended 
its general adoption on the street railways of Boston; and- while morO: 
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, tlian two hundred care are in operation tliere at present, preparations are 
goiDg on wbicli will culminate iu th6 operation of nearly one thousand 
electric cars iu Boston a1on& Among the other cities having electric 
/ailways is Cincinnati, with .lorty cars, and preparations for a large 
increase. Cleveland, O., has now eevei-al lines operated by electricity, 
as well as Harrisbui^, Pa.; Kansas City, Mo.; Hartford, Conn,; New 
York City; Omaha, Neb.; Pittsbui^, Ta.; Salt lake City, Utah j San 
Jose, Cal.; Scranton, Pa.; St. Louis, Mo.; Tacoraa, Wash.; Washington, 
I.e.; Wilkeabarre, Pa.; Wilmington, Del., and a long list of others. 
Wherever the electric railway has been introduced a reduction in 
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le schedule time, or, in other words, an increase of speed, has fol- 
lowed; and where the lines connect the suburbs of cities, not infre- 
qnently a speed of from twelve to eighteen miles per hour is attained 
by electric cars, thus affording to residents in suburbs the speed facili- 

ies of a steam railway. 



For intraurban rapid transit, evidently, electricity is superior in 
every respect to steam traction, and henco it was but natural that sev- 
CTal electricians should have essayed the solution of the problem of 
kffording the residents of New York a deliverance from the present 
overcrowded condition of the elevated railway cars. Among the 
t electricians who have submitted plans for this may be mentioned Leo 
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Daft, wbo was the first to place an electric locomotive on the elevated 
railroad, and who has recently shown, as the result of bis experiments, 
that he is able to increase the traffic of the road with a redaction in 
coat of operating expenses. The locomotive employed by Mr, Daft id 
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his latest experimenta, called the " Ben Franklin,'' is shown in elevaUoa 
in Fig. 10. 

Frank J. Sjirague has also attacked the problem, his plan embody- 
ing the idea that tne locomotive car shall also be a passenger car, only ■ 
about one-half ot its total length of fifty feet Ijeing occupied by tha 1 
motive-power equipment. In this way the weight of the locomotive is J 
widely distributed over the road-bed, a necessity with the present form j 
of elevated railway structure. 
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Stephen D, Field has also turned bis attention to this problem, and 
like Leo Daft, favors the eoiployment of an electric locomotive inde- 
pendent of the rest of the train. Hia motor, as run on the Thirty, 
fourth Street branch of the elevated railway in New York City, is 
illostralod in Fig. 11, and embodied a tnodificDtioii in the gearing of 
the molfir from those heretofore eniployeil. It will be seen that instead 
of employing intermediate toothed gear, or a similar device, Mr, Field 
connects directly to the armature shaft a crank which, through the 
medinTn of a connecting bar, transmits its motion directly to the wheels 
, of the locomotive. 

Though the experiments undertaken on the elevated railways have 
I not yet led to the adoption of that system, it is only a question of time 
I when it wilt become a necessity, and, indeed, the only way out of a 
■ constantly increasing difficulty. The elevated railroad presents ideal 
^conditions for the application of such a system, and the cause of the 
I delay which has thus far taken place must be looked for rather in a 
I conservative management than in any lack of appreciatioD of the pro- 
I posed system. 



The advantages of the electric railway on the surface of the earth 
have been pointed out, but by those who have ever witnessed the 
operations of a railway within mines, the introduction of the electric 
locomotive will be admitted to be one of the most marked advances 
which have been made in that industry during recent years. Indeed, 
one of the first electric railways ever operated was a mine tramway. 
Removing at once the slow and obstinate mule on the one hand, and 
theiiust. smoke, and noise and poisonous gases of the steam locomotive 
on the other band, the electric locomotive does its work with " neatness 
and despatch," requiring but a fraction of the attendance necessary in 
the other metbotls, and promoting the comfort of the miner in the 
highest degree The ingenuity of the electrician has easily adapted the 
electric motor to these purposes. A mine locomotive employed at 
Scranton, Pa., by the Hillside Coal Company, designed by C. J. Van 
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Depoele, has shown itself fully able to liaodie several hunOred cars per 
day, and haa entirely displaced the mules formerly employed in the 
mines. Several other mining railways are running, or in course of 
equipment, in this country and several are in operation in Europe. This 
mining branch of electrical development, though Lardly touched at the 
present time, is certainly destined to equal, if it does not exceed, 
tent the wonderful growth of the surface railroad. 

Inventive genius early in the art looked to a further extension of 
electric traction, and as early as 1882 Professor Fleeming Jenkin sug- 
gested the idea of an electric transportation system io which the tuotv^r ] 





or car should ride upon a suspended cable, which should at the same 
time constitute both the track and the electrical conductor. This sys- 
tem, which was named by him " telpherage," has actually gone into 
operation at Glynde, in England, where it is employed in delivering 
ciav from the mines for a distance of several miles. This system is 
illustrated in Fig. 12, The great cheapness of this system of constrac- 
tioo, together with its flexibility, eeema to promise for it a bright futura 
The train is under complete control of the attendant at the station. Aa 
a feeder to the main railway lines of traffic it possesses unquestionable 
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advantagee, and for tbe transportation of ore, coal, and minerals gener- 
allv, as well as corn and ottier agricultural products, it would seem to 
have manr advantages. 





These descriptions have thus far been confined to what has actually 
been accomplished ; biu it is not out of place to cast a glance into the 
futnre, in oriler tn discern in what direction electricianH are working in 
the domatti of electric railways. One of their main objective points is 
to attain higher speed than is now reached with the fasteat express 
train, and cnongh has already been demonstrated to show that this is 
l.v no means impossible. There was for some time in operation at 
l,fturel, Md., a ?ystem of electric railway, originally designed by David 
G, Weeraa. "When it was recently inspected by the writer, with his 
wafh in hand, he noted a speed of the electric locomotive of nearly 
one hundred and twenty miles an hour. The electric car there em- 
ployed is illustrated in Fig. IS. The electric motors are constructed 
with a revolving armature which is mounted directly on the axle, ao 
that no intermediate gearing whatever is employed. Tbe curiously 
pointed ends of the car, which might by some be considered fantastical, 
have their raison detre in the fact that, at the high speeds at which this 
car is run, the resistance of the air is hy far the greater retarding 
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influence; much greater, in fact, than the resistance due to tbe ax]e 
and rolling friction, which at lower speeds is predominant. The electric 
current ia taken from a conductor fixed above the car, to which a brush 
connected with the motor makes contact There is certainly nothing 
in the new system which could prejudice its feasibility under suitable 
conditions. 

There is also another system of rapid transportation which has 
been suggested, and has been put into experimental operation, know: 
as the " Port-electric " system. In this system, invented by John T. 
Williams, a well-known principle is applied, namely, that of the suck 
ing in of an iron core by the action of a current circulating in a coil 
around it. Mr. Williams makes his car or carrier play the rt'ile of an 
iron core, which is propelled by the successive action of coils of wire 
placed at suitable intervals along the track. 

With the advantages of the electric railway so clearly pointed out, 
and so unquestionably demonstrated in actual practice, it would not l»e 
unsafe to hazard the opinion that, in ten years at the farthest, there 
will not be a single horse-railway in operation, at least in our own 
country. The horse will then be once more returned to his legitimate 
field of lal)or, and the 8treet>car passenger will be transported at an 
increased speed, and with all the comforts of easy riding, in cars pro- 
pelled, lighted, and heated by electricity; while it is by no means 
improbable that, with further work on the line indicated, the passenger 
may step aboard a. train in New York at leu in the morning, and eat a 
five-o'clock dinner in Chicago on the same day. Enough has indeed 
been accomplished to show that electricity is destined to be one of the 
most powerful factors entering into our social conditions, and that 
the ease of distribution and convenience of power afforded by it must 
bring forth chauges in the social order which are even now hardlj 
imagined. 



ELECTRICITY IN LIGHTING 

By HENRY MORTON. 

SuL Humphry Davy's Peoduction op an Electric Light in 1808 — Ingenious Mechan- 
ism FOR Regulating the C/rbons — Faraday's Discovery of Magneto-Electric 
Induction — Pixii's Machine, 1832 — The Alliance Dynamo — Gramme's Armature 
Ring — The Construction of a Modern Armature — The Jablochkoff Candle — 
Other Devices in Arc Lights — IIard Carbon for Incandescent Lightj* — The 
Starr-Ejng Lamp of 1845 — Edison's Platinum Lamp — Experiments of Dr. 
Crookes with Platinum Wire in a Vacuum — Description of an Incandescent 
Lamp Factory — Systems for the Distribution of Electkicity — The Series, 
Multiple-arc, and Three- wire Methods — Use of the Converter — Disc overies 
op Faure and Plant< — Storage-Batteries. 

IT was, we think, in reference to some electrical experiment that 
Benjamin Franklin made his often quoted and most suggestive 
answer to the question, What is the use of it? by another ques- 
tion, What is the use of a baby? and notliing has better illustrated the 
way in which scientific discoveries, like babies, can grow into usefulness 
than has electricity in its various developments and applications, among 
which by no means the least is that to electric lighting. 

Indeed, this scientific infant, whose birthplace may be said to have 
been Sir Humphry Davy's lecture-room in the Iloj'al Society, has not 
only developed into vigorous youth and useful manhood, but has also 
prodaced an extensive family of descendants, so wide-reaching and 
diverse in their characteristics that they must be discussed under nu- 
merous heads and various classifications, and have in many cases little 
in common with the founder of their family, except that electricity is the 
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form of ener^ which vitalizes them, and that light is the result and 
evidence of their vitalit^y. 

Sir Humphry Davy in 1808 showed on a grand scale, with a gal' 
vaiiio battery of some two thonaand pairs o( jjlat^s, that when an elee 
trio circuit, established between two pieces of eharcoal, was gradually 
interrupterl by their separation, an arch or arc of dazzling light \ 
developed between the separated pieces of carbon. 

The magnificent intensity of this light attracted to it the atteutioo 
of the world, and dreams as to itB utility and applications were freely 
indulged in by many possessed of lively imaginations, but for many 
years there seemed little prospect that any of these dreams would 1 
realized. 

The radical and fatal difficulty was the cost of the electric ener^ 
required. Numerous improvements were made in the galvanic batteryj 
by whic>; ' stancy of action and compactness as to bulk and 

weight we, tj^ -y^ved ; but it always remained, and remains to-claj^ 
that the e. ?sl source of energy available in a galvanic battery i 
metallic zinc, and that metallic zinc is a costly material, with a lo* 
efficiency as compareil with other substances, such as carbon or carbon^ 
aceous compounds, usually employed in the production of light. Leil 
to the galvanic battery, therefore, the electric light, brilliant as were i 
capacities, would have been confined to the lecture-room of the prO" 
feasor and an occasional dis])lay in the theatre or opera-house, or out-of-- 
doors on rare occasions, such as peace illuminations or national anai< 
versaries. 

In one direction much labor was spent and much improvement w 
made; that is, in the structure of "electric lamps," or " regulatora,'* 
for the electric light. 

When the electric arc ia formed Iietween the carbon terminals 
causes them not only to glow and actually burn, but also to be vapor"' 
tzed and dissipated, so that they are consumed with considerable rapid- 
ity, and this, too, at an unequal rate, the positive terminal consuming, 
much faster than the n^ative one. To provide for this, means of fee(l< 
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ibe carbons (which for this purpose were made in the foriii of long, 
ci'Vindrical ro«l3 of the most compact and refractory kinds of carbon, 
ih as plumba^ or gas-coke) toward each other aa they were con- 
iwl must be provided. 

"Very ingenioos and efficient " lamps " or r^ulators were con- 
rocwd at an early date. There ia one now in the cabinet of the 
:Teu8 Institute of Technology, Hohoken, N. J., which was imported 
time prior to 1853, and used in some of my public lectures more 
in twenty-five yeara ago. It was designed by the eminent French 
Ijsieist, Foucault, and constructed by the widely-known instrument- 
;er, DuboBcq Soleil, of Paris, 

Lamps similar in genera] principle, but different in their mode of 
operation, were made by Deleuil, Serrin, and Duboacq in France; by 
iiobertB, Slater &: Watson, Slaite, and Chapman in England ; and, 
indeed, as far as anything that could be done with g' Mteries 

was coTieerned, there was nothing to he desired as re;^. N irfection 
and efficiency in the electric lamp or regulator of the e!ectf?i, 'ght. 

This child of Sir Humphry Davy had reached his full growth and 
intelligence, and had attained not only a brilliant but a well-regulated 
niaDhood. His usefulness to the world at large, however, as I have 
already pointed out, was limited hy the costliness of the apparatus by 
which his vital energy was supplied. Having thus, after the manner 
of the novelist, followed one of our characters up to a position of diffi- 
culty, we will turn in another direction and look after the other who ia 
■I «D relieve the situation. 

fa 

^H Again we have the birth of a great scientific discovery, and thia 

^■me it is in the laboratory of Michael Faraday at the Royal Institution. 

^p Here magneto-electric induction first saw the light, and it was 

flrfit demonstrated that au electric current could be protluced without 

any galvanic or chemical action, by the mere motion of a conductor 

before a magnet 

■ The theory and detailed conditions of this action were fully 
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explained by Professor Brackett in the chapter on "Electricity in thj 
Service of Mao," and I will therefore say notbiug of these, but pass a 
once to the practical application of this great discovery, which was s 
made, and which, through a number of developments, has ciilmmate 
in the dynamo-electric machine of t^-day, which turns the mechantoi 
energy of a steam-engine, of a waterfall, or of any other like moto 
into an electric current, and thus enables us to secure electric energ] 
from cheap and highly efficient coal or the like, instead of s 
costly and inefficient zinc.* 

The first development of Faraday's discovery was made by Pixii, < 
Paris, who, in 1832, constructed an apparatus in which a lai^e steel 
magnet was rotated so that its poles continuously and successively 
swept past those of an electro-magnet, or U-shaped bar of soft iroa 
whose ends were surrounded with coils of copper wire. 

This motion generated in the copper wire rapidly alternating ele( 
trie currents, which were '"commatated" or made to pass out of the 
machine in a constant direction by a simple| 
"commutator" on the axis of the revolving^ 
magnet, which shifted the connections eaohf 
time the direction of the current was changed. 
The machineof Pixii ia shown in theaccom 
panying Figure 1. 

In this, rear the top, are seen the copp< 

wire coils wound on cores of soft iron lik^ 

thread on a spool. Immedialeiy below thes 

is the permanent magnet, of a U-shape, an< 

80 supported that it can be rapidly rotate 

Fie. i.-pi.i>'i Migr.t»..i.i:. about a vertical axis midway between its pole« 

BO that each pole is caused to approach, pa8B,9 
and recede from, in succession, each of the iron cores of the coilOiJ 
Immediately below the bend of the U-magnet are the comrautato 




■ The total efflciene? ol a pounil of rinc is onjy one-sisth thnt of a pound of a 
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B^ments, pressed upon by tbe contact brushes, and below these again 
U tbe gearing by which the magnet is made to rotate. 

Machines operating on the same principle, but varying iu construc- 
tion (.as, lor example, by rotating the electro-magnet or coils of copper 
wire while tbe etecl permanent magnet remained stationary) were 
brought out by Saxton, of Philadelphia, in 1833 ; by Clark, of London, 
in 1834; and by Page, of Washington, in 1835. 

None of these machines, however, were of sufficient size to be avail- 
able for the production of a practical electric light, although they all 
exhibited a capacity for this effect on a minute scale. 

The first magneto-electric machine of a magnitude sufficient to 
operate a practical electric lamp was that produced by the united 
labors of M. Nollet, Professor of Physics at the Military School of 
Brussels, and bis assistant constructor, Joseph Vau Malderen, under 
the auspices of a corporation composed of French anj English capital- 
ists and known as the "Alliance Company," 

Strange to say, this machine was built with the absurd object of 
using it to decompotse water and employ t!ie resulting gases in the pro- 
duction of light 

This machine, with some modi fication.s by Mr. Holmes, of England, 
under tbe superintendence of 
lay himself, introduced into two 
nf the English light-houies te. at 
S'^iutb Foreland and at Dungeness, 
Its preliminary trial was made in 
1857. The electric light was fiiat 
thrown over tbe sea from the 

,th Foreland on the evening 
December 8, 1858 and from 
"Dnngeneas on the 6th of Jine 
t62. 

Figure 2 shows in rutlme one 
C the Alliance machinea asmoditied 
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by Mr. Holmes, which was long since put iu operation at tbe Soatli 
Foreland Light-bousa 

The outer framework supports twenty-four compound steel per- 
manent magnets, and a drum inside carries thirty-two armatures or 
spools of copper wire wound on iron cores. As these pass from pole to 
pole between the magnets, currents are developed which are carried c 
by commutators on the farther end of the shaft, not shown. 

The electric light was not introduced into the French light-boua 
until December 26, 1863. when it was installed at La Hfeve, near I 
It was also used for lighting works of construction, such as the Chei 
bourg Docks, and on some vessels, for example, on the Lafayette aiH 
the Jerome Napoleon. 

Although Faraday lived to see the little spark, which he haC 
developed from a mj^net and coil of wire in bis laboratory, grow inh 
these magnificent illuminators of sea and land, it was not until aftei 
many years and numerous new developments that the electric lighl 
approached the commercial utility which it to-day possesses. 

These Alliance machines, on account of their great size and multi 
tude of parts, were very expensive. Thus the two machines placed i 
the Dungeness Light-house, with their engines, appliances, and lamps 
or "regulators," cost £4,760, or nearly $24,000. The two located i 
Souter Point in like manner cost £7,000, or about $35,000, and th0 
machines and accessories for the two lights at South Foreland 
f8.500, or about $42,500. The same characteristics caused them to b 
liable to accident and injury and costly in repairs. The world them 
fore waited for some further development before it could enjoy gen- 
erally the advantages of electricity as a means of illumination. 

The first of these came when Dr. Werner Siemens, of Berlin, cott' 
structed a machine in which the revolving coil or armature was mad< 
ot the form shown in Figure 3. and was entirely enclosed between tb« 
ends of the permanent magnets. To construct this armature a long^ 
solid cylinder of soft iron is taken, and two deep grooves are out OT 

jsite sides through its entire length, so that its cross-section is sud 
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as appears at F in the accompanjdng figure. Insulated 
copper wire is then woand lengthwise in these grooves, 
its ends being united to ibe sections z, y, of the com- 
mutator. Journals on which this armature rotates are 
provided at either end, and at one end also a pulley 
by which it may be driven by a belt 

This armature secureil a great concentration of 
action, by bringing the revolpiog armature into a highly 
concentrated field of magnetic force and allowing it to 
have a very rapid angular velocity of rotation. But the 
chief value of this improvcraent consisted in its serving 
I a step toward another, which was most remarkable 
I its results and excited the liveliest interest all over 
Qie world when it was announced. This next step was 
taken by Wilde, of Manchester. 

He Ux)k a small magneto- electric machine, such as 
had been constructed by Siemens, and carried the cur- 
rent from its commutator to the coils of very large 
electro- magnets, which constituted ihe field-magnets 

t machine, which, however, differed from the other, or Sie 
both in size and in having 



as t 
^Hsn i 
Hibe 



of a similar 

nens machine, 
its field con- 




in place of per- 



strucled of electro-mag ni 
man en t magnets. 

Figure 4 shows such a combination, in 
which the first or email magneto-electric 
machine is mounted on the to]) of the other, 
and sends the current from its commutator 
through the coils of the electroniagnel below, 
between whose expanded poles another Sie- 
mens armature is made to revolve 

Under these circura-stances the current 
developed in the armature of the upper ma- 
chine by its permanent steel magnets will 
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■ develop a more than tenfold greater magnetic force in the poles of the 
electro-itiagnet of the lower machine ; and t)ie second armature, rotating 
in this powerful magnetic field between the poles of this large electro- 
magnet, will develop a more than tenfold greater current thau that of 
the smaller machine. 

This method of multiplying or creating magnetic force was a wonder- 
ful discovei'y, and, combined with the use of electro-magnets in place 
of permanent magnets for the production of the magnetic field, gave as 




important increase in power and efficiency to the machine ; for, as cotn-l 
pared with permanent magnets, the power of electro-magnets is vaatl; 



k 



This advance, made by Wilde on April 13. 1866, was quickly fol- j 
lowed by another, made almost simultaneously in Europe by Varley,J 
Siemens, and Wiieatstone, and nearly a year earlier in thia country bw 
Mr. M. G. Farmer, whose work in another department of electric light 
ing we Bhftll have occasion to mention farther on. 
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This developmcDt may be indicated by the term "self-exciting," 
and conaisied in tbe discovery that if the commutator is so connected 
with the coils coDStituting tlie field magnets that all or a part of 
the current developed in the armature will flow through these coils, 
then all permanent magnets may be dispensed with, and the machine 
will excite itself or charge its own field magnets without the aid 
of any charging or feeding machine such as the little oue shown in 
Figure 4 

There is in all iron, unleps special means have been taken to remove 
it, a little magnetic force. This small magnetic force, called "residual 
magnetism," in the iron cores of the field magnets will produce a little 
current in the armature when it is revolved This current flowing 
I through the coils of the field magnets will increase their magnetic 
I force, and thus cause them to develop more current in the armature, 
■which in turn, flowing through the i-nils of the field magneta, will 
further increase their magnetic force, and so on until a maximum, de- 
termined by the structural conditions of the machine and the amount 
^^^OC driving force applied to the pulley of the armature, is reached. 
^^H In practice such machines are each complete within themselves. 
^^PWheu started they develop fur a few moments only ver\' feeble cuiTents ; 
^^ bat within a few seconds they " wake up " by degrees, and reach their 
^p Diaximum in less time than it takes to 
read this paragraph. 

One other radical improvement in dy- 
namo-electric machines remains to be re- 
corded, namely, that due to the French 
inventor Gramme. 

The essence of this lay in the struc- 
ture of the armature. While previous to 
I Gramme all armatures had been con- 
tructed either like spools of cotton or 
! balls of yarn wound on blocks, he 
ide his armature bv starting with an 
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iron ring (itself consisting of a coil of soft iron wire) and winding 
the copper wire on this by passing the end of the wire again and 
again tlirough tbe ring. A Gramme 
armature ring, cut and bent out partly, 
and with some of its copper coils re- 
moved, is shown in Figure 5. 

The cut ends of tbe iron wires con- 
stituting the ring-core are shown at A. 
!ind B shows a portion of the copper- 
wire coiis wound around this ring-core. 
Fig. 5— s»ciion ot • G'.mm, ArmiiuF. The copper Wire IS continuous through- 
out as I'egards ila electric connection, 
but at frequent intervals a loop of this wire is carried out and attached 
to a segment of the commutator. 

This armature being rotated in a magnetic field {U:, between the 
poles of powerful field magnets) tends to deliver a aulratantially con- 
tinuous current to "brushes" touching the commutator s^ments at 
points midway between the poles of the field magnets. 

It will be remembered that the iron ring constituting the coreol 
tbe Gramme armature was made of iron wires, and not of a solid piece 
or ring of iron. The object of this was to prevent the formation o£ 
electric currents in this ring-core itself, commonly called Foucault cur- 
rents, which would be a cause of inconvenience by heating the arma- 
ture and of loss by wasting energy in tbe iiseleas production of this 
heat. 

The Siemens annature had no such provision, and accordingly very 
serious difficulties were experienced in the running of machinea usii 
such armatures, by reason of the intense heat there produced. Arrange- 
ments were in fact made in many machines to relieve this symptom 
by running cold water through the armature, made hollow for that end; 
but this did not cure the disease or prevent the loss of efficiency causi 



by the conversi 
useful current. 



L of the driving energy into useless heat in place i 



TUH COXSTHVcriON OF Ai\ ABMATURE CORE. 105 

The desirable end was, however, soon secured by "laminating the 
■armsture core," that is, making it up out of a ^'rent number of thin 



y\ 



I sheets of iron insulated 
from each other and 
leld together hj one or 
more Ik*] tp. The build- 
ing np of sucli an arma- 
ture core is illuatratcii i. 
in Figure 6. 

The merit of this in- 
vention appears to have 
been assigned hv the "^''" "'' "" ' t,, ,„ 
United States Patent 

Office to Mr. Edward Weston, nf Newark, N. J., who on September 22, 
1 1882, tiled an application in the United States Patent Office dewrihiug 



106 



ELECTRICITY IX LIOBTING. 



sucli a laminated armature core, for whiob two patents were granted 
April 16, 1889, being Nos. 401,608 and 401,669. 

We have given above all of the radical steps or improvements by 
which the dynamo-electric machine of to-day has been developed from 
the earlier constructions of Pixii, Clark, Saxton, and Page, or, in fact, 
from the experiment and discovery o£ Faraday. 

There were, however, during the same time, a multitude of minor 
modificationa of structure and arrangement introduced by various 
inventors, some useful and some useless, and when the world had been 
startled and interested by some of the wonderful developments, such as 
those of Wilde and of Gramme, it was found that in some forgotten 
patent or other publication some description might be read more or leaa 
completely anticipating these important discoveries. 

We have not attempted to follow out the subject in this relation, 
which, however important in its legal consequences as effecting the 
rights of patentees, is not a part of the general history of the actual 
development of the electric light which we have attempted to write. 

An endless variety has also been given to the forms and arrange- 
menta of the more recent dynamo-electric machines manufactured by 
the various companies, but these it would likewise be impossible for us 
to discuss within the limits of this chapter. 

I will therefore select a typical case, and give some account of 
its mode of construction. 

The most difficult and important part of the structure is the arma- 
ture, and in building this the first thing is the laminated iron core. 
For this pur[)ose an immense number of thin disks of sheet iron are 
cut out, each having a central hole to admit the shaft, and several other 
holes for the holts which are to hold the series of disks together, so as 
to make of them a solid drum. These disks are then piled one upon 
another around the iron shaft which is to form the axle of the armature, 
as shown in Figure 6, and thick iron end-plates are applied at either end 
and bolted together by iron bolts going through from end to end. The 
am or cylinder thus formed is then mounted in a lathe and turned to 



i 




which represenla the wiiidiog of a large arniatare intendeti to pro- 
dace a very heavy current, and therefore ■wound with thick wire. 

The workman in front is drawing the insulate'l copper wire down 
from a drum overhead and passing it lengthwise around the armature- 
core, which is supported by its axis in a lathe, while another workman 
assists him in pressing the wire accurately into place and keeping it 
close to the core This wire is not wound on continuously, but in a 
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number of short sections whoee ends are seen stickiDg out somewhat 
irregularly. These ends are to be attached to the successive sections oi 
the commutator, which is presentlj to he passe<i over the end of tlie 
shaft, appearing at the left. h 

Figure 8 shows just such an armature as that in Figure 7, but fiofl 
isbed and turned the other way, so that, though the positiou of tho 
obae .er is reversed, he still sees the commutator end of the armature 




turned toward him. The numerous radiating lines at the nearer end 
of the drum are parts of the com mutator- sections, which are attached i 
their outer ends to the successive coils of wire on the armature, 
their nearer ends these radial bars bend at right angles, so aa 
along the surface o{ the shaft, being insulated from it and from e 
other by mica or other appropriate substance. 

The workman in this figure is engaged in putting on the last tun 
of binding wire, which is wound in several bands, as shown, around t 
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amiatare. not tor any electric action, but to hold the coils, which run 
leiiglbwise round the dram, firmly in place and prevent them from 
being sprea<.] outward by centrifugal force when the armature is in usa 




"These Ijlnding wires are made of German silver, a bad conductor for a 
metal, and are thoroughly insulated from the copper wires of the 
armature. 

The armature, having been thus constructed, is now ready to be 
Ktnounted in ihe framework of field magnela, which has been constructed 
tan another department of the factory. 

This is shown in Figure 9, and consists of a massive framework of 
Feast-iron, portions of which are surrounded with coils of insulated 
(per wire so as to make the central parts of the upjier and lower 
kDrizonlal niaasea respectively north and south poles. 

It is in the cylindrical hollow between these that the armature 
tates. one end of its shaft l>eing supported in the journnl-box seen at 
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the right, while the other end is supported in a journal-box out of view 
on the other side of the machine. 

The adjuBiable supports to hold the brushes, or elastic strips of 
copper which press against the commutator aud take off from it the 
current generated in the armature, are then attached to the sides of the 
bracket which carries the nearer end of the shaft, and the machine is 
Bubstantiallj complete, the driving pulley being, of course, attached, 
when needed, on the farther end of the shaft. 

Figure 10 shows this same machine completed in all respects, with 




the armature inserted, the brushes in place, and tii 
the farther end of the shaft 

The dynamo-electric machines of Weaton, of Edison, of Brush, tA' 
Thomson-Houston, of Westinghouse, and a dozen others are all con- 
structed (with considerable variations in form and detail) in the manner 
above described, and by their aid mechanical energy can be transformed 
into electric energy with an economy entirely unparalleled by any trans- 
formation heretofore known to the arts. Thus in the steam-engine we 
may, under very favorable conditions, transform ten per cent of tha 
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energy of the fuel into mechaQical energy ; but under the average work- 
ing conditions we only secure about live per cent, the other ninety-five 
per cent being lost 

In the dynamo-electric macliiiie, on the other band, it is very com- 
mon to secure a transformation of eighty per ceat. of the mechanical 
eoergy, applied to the driving pulley, into electric current, and in many 
cases as much as ninety per cent, is so transformed and only ten per 
cent is lost. 

Cheap electricity having been thus secured by the development of 
the dynajiio-e lee trie machine, the electric regulator or lamp acquired a 
new importance, and new demands were made upon the inventive 
genius of the world on its account 

As long as expensive lotteries were the only sources of electric 
energy, it was considered quite enough to oiierate one lamp at a time; 
but when the great capacities of the dynamo-machine were to be real- 
ized, it became clear that for economical working many lamps must be 
operated from one machine, and, if possible, in a single circuit or one 
after the other. For this the old regulators were not adapted. They 
all operate in the following general method : 

The current which supplies the lamp passes through an electro- 
magnet, which controls a clock-work or other mechanism which allows 
or causes the carbon poles to approach each other whenever the strength 
of the current is reduced. Aa soon, therefore, as the burning away of 
the carbon poles causes an increase in the resistance of the arc or space 
between them by increasing its length, the resulting diminution of the 

t current causes the electro-magnet to release or actuate the feeding de- 
vice, until the poles are brought near enough to diminish the resistauce 
of the arc to its normal amount 
With s single lamp in circuit this is all that is required, but it will 
be manifest that anything which causes a diminution in the current 
will cause the carbons to be brought nearer. Now suppose that two 
I Bach lamps are arranged in aeries so that the current flows first through 
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one and then through the other, and that, as must alwa^a be the case, 
one mechanism is a little {no matter how little) more sensitive than the 
other; then, when either pair of carbons burn away enough to diminish 
the total current to the point at which the more sensitive mechanism 
will act, that mechanism will so act, and will bring its carbons toward 
each other, until the resistance is diminished far enough to restore the 
normal current, and this will happen without the less sensitive mechan- 
ism being brought into action at all. This operation will then go on 
the carbons of the less sensitive lamp burning away farther and fartber, 
and their increase of resistance being made up bj the approach of the 
carbons of the more sensitive lamp until the latter ia extinguished by 
the actual contact of its carbon poles and the less sensitive lamp baa 
secured an excessively long arc which is absorbing the entire energy of 
the circuit 

The same thing would happen with any number of such lamps 
series. The most sensitive of the lamps would do the adjustment- for' 
all the rest, until its poles were brought into contact, and then the next 
in order of sensitiveness would take its turn, and thus one after thi 
otber would be thrown out of use, and the entire energy of the circuit 
would be concentrated in an abnormally long and probably destructiva 
arc in the least sensitive lamp. Numerous plans were suggested to 
meet this difficulty, but the only ones which have reached any general 
practical success are those of Jablochkoff and of Brush. 

Jablochkoff substituted for the lamps whose carbons were moved by- 
mechanisms of some sort his electric candles with immovable carbons 
In these the two carbon rods were placed side by side, vertically, very 
near to each other, the space between being filled with plaster-of- Paris. 

An arc having been established between the upper ends of the 
carbons by a thin strip of carbon, which was quickly burned away, tli9 
same continued as the carbons consumed, because the plaster-of-Paria 
' "^-ween them melted and volatilizeil as fast as the carbons were con- 
id. (Figure 11.) 
"hese Jablochkoff candles were used to a considerable extent ia 



BRUSH'S ARC-LinJlT MECUANlSil. 

Europe in the early days ol electric lighting, but oever made macb 
jirogresB in the United States, being very inferior in efficiency and 
tconomy to lamps arranged on the Brush or 
other similar systems. 

The arrangement first introduced in this 
countrA', as I beHeve, by the Brush Electric Co., 
and now universally used iu one or another 
modificattou, may be described in general terms 
as follows: There are two electromagnets or 
coils controlling the feeding mechanism which 
tend to oppose each other in the motions they 
produce. 

Tlirough one of these the current passes 
wbicb also traverses the arc of the lamp, but 
the other magnet or coil is traversed by a 
current branching from the former where it 
enters the lamp, and rejoining it where it '"'^ " ^^-^j^-oovn^an 
passes out, bnt not going through the arc 

This last-named coil has a higher resistance tlian tie other, and nor- 
mally transmits but a small fraction of the current as compared with 
that passing through the arc and iLe other coil. 

If, now, by the burning away of the carbons, the resistance of that 
circuit is increased, two things happen at once: the current through the 
other coil, which is not in circuit with the arc, is increased at the same 
time tliat the current through the arc and its coil is diminished, so that 
the total current through the lamp remains substantially unchanged, 
and therefore nothing which happens in one lamp has any effect on the 
circuit at large or on any other lamjx Also the opposite magnetic 
effects in the two coils cause a rapid readjustment of the carbon elec- 
trodes and a consequent restoration of the arc to if* normal length. 

After this arrangement had tieen developed by the Brush Electric 
Coi some old patents were discovered in which the same principle was 
to a greater or less extent set forth ; but, as in the case of the Pacinotti 
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article and the Gramme macbiae, tliese do not seem to liave bad anv- 
tiling to do witb the practical development oE the art of electric light- 
ing prior to Mr. Brush's invention. 

As with the dynamo-electric machines, so with the regulators or 
electric lamps for arc lights: their varieties of constraction are endless, 
but they all come under the general description ot holders for the 
carbon rods, whose motions are controlled by feeding mechanisms. 
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wbich are io turn controlled by electro-magnets through which i 
operating current flows. 

Such structures have reached a marvellous perfection as i 
their regularity and certainty of action. Among tlie thousand: 
lamps which light our streets and stores night after night, a failure ii 
operation is almost unknown to the ordinary obser\'er. IrregnlaritiM 
!h as are incident to the unequal burning away of the carbon p 
course Trequontiy occur ; but the extinction of a light through a 
"ailure of the mechanism ot the lamp is of the rarest occurrence t 
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where llie ligbts are placed in 
tioD^ A strikiDg example 
of this was furniahed in the 
lights erected and maui- 
laiued forsome time bv our 
Light - house DeparlmciU 
at Hallell's Point. X. V., 
for the purpose of lijfLling 
ap the difficult olimiTiH of 
the Ea&t Ri%*er, kaowii as 
rieli Giite, ilhistrateil in 
Figurf 13. These liglits, 
ttitte in number, arraogeil 
^Ji UB to form about tlree- 
fifths of a circle, were sup- 
pcrtc<l at a height of two 
^uiarlred and fifty feet hy 
lligbt iron tower. Each 
fgbt gave, by actual meas 
urement, an amount of liglit 
e«iual to three thousand 
gtuudard candles, or about 
fpur times the light given 
by the ordinary electric 
lights employed in streets 
and buildings. 

These lights were put 
in operation on October 20, 
1884, and produced a niaf:- 
nificent effect, lighting up _ 
le whole surrounding town 
if Asioria anil the adjacent chani 
iwcver. decided that they did 
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lion, ami they were removed in iyS8. During all these years, however, 
there was no failure caused by the mechanism of the lamps. 

The number of arc lamps which are nightly operated by the differ- 
ent electric lighting companies in the city of New York is probably 
over five thousand, and throughout the United States it reaches 
137,441.* Assuming that these lights jire worth to their users the 
moderate rental of fifty cents a night, this represents an output of light 
having a value of $11,250,000 each year of three hundred days; all 
earned by this one branch of the family directly descending from the 
baby spark born from a magnet in the laboratory of Michael Faradey. 

Admirable as is the system of electric-arc lighting for use in streets 
and open spaces, and in workshops or large balls, it is entirely unfit to 
take the place of the numerous lights of moderate intensity employed 
for general domestic illumination. 

For this ]iurpose it was at a very early period perceived that the 
ioeandeacence or heating to luminosity of a continuous conductor by 
an electric current was the most promising method. It was also at a 
very early period perceived that the conductor to be used for thia 
purpose must be one which would admit of being raised to a very high 
temperature without being melted or otherwise destroyed. The first 
material which was thought oC in this connection was platinum, or one 
of its allied metals, such as iridium, which have the highest melting- 
points among such bodies, and are besides entirely unacted upon by 
the air at all temperatures. In 1848 W. E. Staite took out a patent 
for making electric lamps of iridium, or iridium alloys, shaped into an j 
arch or liorscshoe form. 

One of the moat serious difficulties, however, even with thei 
materials, was that, to secure from them au efficient light, i 
necessary to bring them so near to their fusing-pointa that i 
minute increase in the current would carry the temperature beyond thti 
and destroy the lamp by fusing the conductor. An escape from 1 
* From Ekelrieal fndaitries, ChicAgo, AngiiBt, 1890. 
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diffieultj was offered hy the use ot hard carbon, such as that employed 
for the electrodes of arc tamps; but here the compensating drawback 
was eucountered that this substance, when highly heated, was attacked 
hy tlie oxygen of the air, or, iu other words, burned. To meet this, 
plans were devised for tlie replacement of the consumed carbon con- 
ductor and for its protection from the air bj enclosing it in a non-active 
gas or in a vacuum. 

Thus in 1845 a patent was taken out in England by Augustus King, 
acMug as agent for an American inventor named J. W. Starr, for an 
incandescent lamp, the important parts of which are 
represented in Figure 14. 

Here a platinum wire is sealed through the top 
of a small glass chamber constituting the upper end 
of a barumeter tuba This platinum wire carries at 
its lower end a clamp, which grasps a thin plate or 
rod of carbon, and also a non-conducting vertical rod 
or support, which helps to sustain another clamp, 
which grnsjis the lower end of the carl>on strip and 
connects it by a wire with the mercury in the barom- 
eter tube below. 

By passing a current through the platinum wire, Fi,. i4,-,Th. si.rt-Kma 
and thence through the upper clamp, carbon strip, l,"""'^'."' '""''"""' 
lower clamp, wire, and mercury, the carbon atrip 
could be made incandescent, and was to a certain extent protecteii by 
the surrounding vacuum. 

Though this lamp proiJuced a brilliant light, it proved in various 
respects unsatisfactory, and was abandoned after numerous trials. 

Other inventors, as, for example. Konn, of St Petersburg, con- 
tin aed to work with rods or pencils of hard carbon and achieved a 
limited success, but the irregularity and britlleness ot the material 
seem to have been an insuperable objection and drawback, and the 
problem of commercial electric lighting by incandescent conductors yet 
remained without a solution. 
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Tliis waa the state of affaira even up to the falJ of 1878, wheu, : 
cJaimod, Mr, William E. Sawyer, in combination w>ih Mr. Albon Mnu, 
after many ]>rel)minary experiments, prixluccd tlieii- first successful 
incandescent lamp with an arcli-ahaped coudiit:tor made of carbonized 
paper. In their application for a patent, filed January 8, 1880, these 
inventoi-s use the followiug remarkable language iu their fourth claim : 
'■ An incandescing arc of carbonized fibrous or textile material." This 
indicates that they realized the importance of what seetn to be the 
common features of the present electric incandescent lamps, namely, the 
arc or arch or bnw or loop form, and the carbonized fibrous or textile 
materia!. They also specially refer to carbon incandescent conductorSi] 
made from paper. 

After a long and hotly contested interference, the United State 
Patent Office has granteil tbem a patent in which these points 
broadly stated. 

The lamp brou|i;ht out by Messrs. Sawyer and Man, poon after their 
application for a patent, and described and shown in that application, 
was a rather large and complicated structure; and had no improvement 
and simplification of this structure been made, the present immena»J 
development in electric lighting would no doubt have been unattainecL. fl 

It is to Mr. T. A. Edison, without doubt, that we owe many of the 
simplifications and modifications which, by cheapening the lamp and 
diminishing its weight, have e.ttended its range of use and its usefnl- 
tiesa to a remarkable diigree. m 

On his return in the fall of 1878 from the /ar West, where he hadfl 
gone in company with Dr. and Mrs. Henry Draper, Dr. George T 
Barker, and the present writer, to observe the total solar eclipse of thn' 
year, Mr. Edison visited the shops and laboratory of Mr. William 
Wallace, at An.ionia, Conn., where many experiments with electric-a 
lights and dynamo-machines were in progress, and while studyiu 
these, was impressed with the desirability of producing an incandef 
electric lamp. 

Like so many before him, he first turned to platinum and platinad 
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alloys, and devised a form of lamp admirable for its simplicity, but, 
unfortunately, open to a fatal objection. This first lamp of Edison's is 
shown in Figure 15, in wbich a J ia the incan- 
descent platinum wire. 

Tbe announcement of a new system of 
electric lighting, made by Mr, Edison and his 
friends oo the foundatiou of this device, at- 
tracted universal attention, and even caused a 
serious fall in the value of "gas stocks" in this 
country and abroad. It is, indeed, amusing 
ni>w to look back upon the exlravogaut asser- 
tions and predictions made at that time, and ^'«- 's— E-fi^n'. nui ii<»n. 
widely circulated, when we realize how more 

than frail was their foundation. In fact, Mr. Edison very soon found 
out that this simple device was entirely insufficient for the purpose pro- 
poAed, because the heated platinum wire gradually stretched by its own 
weight, and thus was constantly getting out of adjustment, and finally 
would become attenuated and 
break. 

It also happened tliat, though 
the secret of this great invention 
was carefully guarded, some ink- 
ling of it escaped, and this en- 
abled those who were familiar 
with such subjects to perceive 
the close similarity between 
e.ni this EdiaoQ lamp and a similar 
device constructed and used by 
"*; Dr. J. W. Draper prior to 1847, 
"^ and described and figured in 
"ins articles published by him during 
ragh that year in The American Jour- 
"'■''■ nal of .Stience an<l Arts. The Lofi- 
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clamps at Uie ends of tbe% wires, wliicii are seftleii throogli tbe walls 
of tbc pear-fiiiaped eDclosing tube io tbe maiiDer which had been famil- 
iar for IweotA' Tcars in the ooDstroction of the beautilal electric toys 
known as *' Geissler tubes." 

The interior of ttii» glas^ vessel had likewise been eshaasted niM 
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hermetically sealed in tlie manner usual willi niany Geissler tubes anff 
with the radiometers of Dr. William Crookes. 

Indeed, as was subaequeptlj made apparent, the wonderful resnlttfl 
obtained by Dr. Crookea in the production of \'ery perfect vacua v 
of esHential i[nponance to the development of the incandegcent electrid| 
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lamp. Several of the iualrumeDts produced by Di-. Orookes in tlie 
course of his researcLea were in faci incandescent electric lamps, con- 
sisting of coils of platinum wire enclosed in glass vessels exhausted to 
a very high degree, the coils being heated to brilliant luniinofiity by 
electric currents. One of these is shown in his paper in the "Phil- 
os<.>phical Transactions for 1876," vol. xlvL, Part IL, page 351. 

Further experience proved to Edison and others that paper carbons 
were not the beat for the conductors of electric lamps, and many other 
substaucea have been, or are now, employed for this purpose. Among 
these may be mentione*! silk, hair, parehmentized cottou thread, tamo- 
dine or reduced celluloid, and last, but not least, bamboo, whicH is 
useil to a very large extent. 

The making of these electric lamps is carrieil on in a number of 
large factories, such as that of the Edison Co., at Harrison, near 
Newark; those of the Weslinghouse Eleclrie Co., at Newark and at 
Pittsburgh; that of the Consolidated Electric Ca, at West Twenty- 
third Street, New York; that of the Thomson -Houston Co., at Lynn. 
Mass.; that of the Brush Co., at Cleveland, 0., and a number of smaller 
eetablislunents elsewhere. The daily output of all these factories taken 
tiigether id about fifteen thousand lanijis, or four and a half milHrin a 



The methods of manufacture are substantially alike in all, and I 
will therefore describe one only as an example. 

Sheets of tamodine (or celluloid from which the nitric constituent 
bas been removed) are out by a machine into delicate strips or fila- 
ments, which are collected in small bundles and bent so as to lie in 
U-shaped frrooves in iron plates. These, packed with carlx»n powder, 
are enclosed in large black-lead crucibles, carefully closed, and heated 
in a Siemens furnace to an intense white heat. After cooling, the 
Orucibles are opened, and the now carbonized filaments, looking like 
delicate wires or threads of steel, are removed. They have now the 
,pe into which tbev were bent before carbonizing, but arc so elas- 
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tic that they can be streicheil out straight without breaking. Their 
enda are next thictvcned by a remarkable process devised by Me^ra. 
Sawyer and Man, and which is conducted as follows: Each U-shaped 
fibre is grasped by two ciampa, one holding it by the oxtremitiea or 
ends, and the other at a little distance atmve. The loop and damps 
are then plunged in a vessel of high-boiling petroleum-oil, like the well- 
known " astral oil,"' and a powerful electric current is passed from the 
clamps through the short portions of the filament, near its ends, whicb 
are grasped between them. 

By this means these jiortions are intensely healed and decompose 
the hydrocarbon liquid in contact with them, so as to plate themselves 
with compact carbon like that deposited from the gas in the necks of 
gas-retorts. A few seconds' action suffices to make this deposit of 
carbon thick enough to answer the desired purpose. 

We will next turn to the glass-blowing department, where hundreds 
of girls are employed in all the delicate and skilful manipulations 
involved in the glass-work o( these lumps. 

The first step ia to take two minute pieces of platinum wire, one 
end of each having been shaped into a Httle socket capable of holdiog:{ 
the enlarged end of the carbon filament : and, after mounting them iai 
a small lathe-chuck, to wind melted glass from a glass rod, heated in a 
glass-blower's lamp, around these platinum wires until they are for 
some distance embedded in glass and formed intn a structure such as Is. 
seen at the lower part of the ordinary incandescent lampg. Into thesa' 
glass and platinum supports are then inserted the enlarged ends of the. 
carbon filaments. 

In the meantime small glass flasks, made by the thousand at the 
glass-works, are passed through a variety of manipulations by which % 
small glass tube is attached to what would be the bottom of each flasic, ' 
and its neck is shapeil so as to receive the glass socket carrying tbe 
platinum wires and carbon fdament At the proper time this socket is 
dropped into the prepared flask, and by manipulation with the glass- 
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blower's lamp and a sleigUt oE band which is simply marvellous, the 
glass socket, with its carbou filament and connecting wires, is sealed, 
by fusion of the glass itself, into the neck of the flask. 

This operation is showu in progreas in Figure 20, where the girl in 
the foreground holds in her left hanrl the glass flask by the glass tube 




which baa been attached to it, and in her right hand the shears with ■ 
which she at times holds and shapes the glass socket and neck of the 
flaisk. The blow-pipe flames, constituting what is called the "glass- 
blower's lamp" or "fire," are seen as pointed tongues of light between 
the hands of the operator, who is supposed at the instant represented to 
have just raised an electric lamp, finished (so far as her work is con- 
oerncd), from the flame. 

The next thing to be done with the liinjps is to cxhanst them. For 




When a good vacuum bas lieeu reached, the current is passed 
■rough tlie lanipa and they are then kept at a brilliant incandescence 
r some hours, in order to drive out any gas which might be occluded 
I the carbon filaments or adhere to the ioterior surface of the glass, 
bis process of exhaustion and a series of pumps and lamps in opera- 
n during the process are shown in Figure 21. 

After the complete exhaustion of the lamps it then only remains to 

fill them off," that is, ici melt the small glass tube attached to each 80 

lAt its aides close together, and it becomes a little knob of glass, and 

i attach the bises caps by which they are to be aubsequently con- 

■cted to their sockets. 
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The uaea of these lanips are bo countless and so familiar to every 
one that we have oiil v selected one anusual one tor illustratioa, namely, 
the lighting of the Hoosac Tunnel, which has recently been carried out 
by this means in the face of great difficulties encountered in securing 
adequate insulation, in such a situation, for the wires carrying the cur- 
rent to tlie lampa. The lamps are attached to the rock or to the stone 
lining of the tunnel in the manner 
shown in Figure 2S, and produce 
when in operation the effect shown 
in Figure 22. 

Aa we have seen so often al- 
ready, the solution of one prob- 
lem always opens up another, 
and thus it is not surprising tbftti 

the cheapening of electricity an<t.' 
increased efficiency of incaa-:- 
descent lamps brought to th» 
front the problem of an ecoQomica 
method for carrying the electrw 
current from the generator to tb« 
lamps. 

There were two well-knowa 
systems which had been often used 
in other applications of electricity, 
and, indeed, even described and 
patented for use in electric light- 
ing, namely, what are commonly known as the " series " and the " par- 
allel " systems. 

The "series" system is that always and necessarily employed when- 
ever more than one arc-light is used on the same circuit, and may be 
likened to the arrangement of disks on the chain of a chain-pump, or 
illustrated by the accompanying diagram, in which X represents a 
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dynamo-machine and o, o, o, o, etc., represents a series of ligbts cod- 
necttid by the circuit wii-es — , — , so as to form a single cbain from the 
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machine through all llie liglits in aiicceasioD hack to the machine 
again. 

This was the usual arrangement of the telegraph instrumeuta at the 
various stalioaa on a line. 

The "parallel" or "multiple-arc" system was one which might be 
indicated by a ladder or by the accompanying diagram, where, as 
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before, X repreaenta the dynamo, from whose poles proceed two main 
conduolors, between which the lamps o, o, o, etc., are placed in cross 
connectionsL 

This was a method commonly employed in central telegraph offices 
tor operating the sounders by means of the large " local " battery. It 
ia also described in the United States Patent to H. Woodward for 
iinprovemetit in electric lights, granted August 29, 1876, as well as in 
many other places. 

The first method has certain drawbacks which are specially impor- 
tant in the case of incandescent lamps, where, for economy, a large 
nomber should generally be operated on a single circuit: 

1. The extinction of one lamp means the extinction of all, unless 
some more or less complicated mechanism is provided to restore the 

I oonnectlou around the lamp which has failed or has been turned out 

2. The electro-motive force, or electric pressure, needing to be muU 
' tiplied in direct proportion to the number of lamps in the circuit, soon 

'becomes inconveniently high. 

Both of these difficulties being avoided in the " parallel " system, 
his lost bos been generally adopted by all the companies using incao- 
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figfa* iar matt of Adr vott. This is, however, b<r no 
— i rwl, tor the B£soa On, ib wIoa tb«T e^l ibeir ** ]Lf anicipal 
(oaed 009(07 for stmt laaps in sraaD tuvos and villages), raa 
iaaaiexxax lamps in aene& Other eoa{Miues often nm tfaeir lamps 
in a opmbinstioo of the tiro a y glaaa , nd the Heissler Co. ran their 
Ismptf in "Benes" exdnsiTdy. 

Id aroidiDg the diffic^dties of the ** aencH" a r st em mentioDed abov^ 
the panllel or moltiple-arc nnem aieuasi«Kd othere, the chieF of 
which was the great siae and ooet of the ooodoctiDg vires, if the dta- 
taooe between the dvnamo and the lamps was conskler%ltl& Suppose 
that a groap of lamps was placed oDe thoosand feet from a dvnamo, 
and the wires used were of soch a size that their resistance to the Sow 
of the carrent caused them to waste ten per cent of the energy devel- 
oped. Xow let od suppo^ that this group of lamps is moved away 
one thousand feet farther. This would, of oooise, mean doubling the 
length of the wires, which alone would double their cost ; but it woiiM 
also mean doubling their resistance, if they were not made larger thao 
before, and so wasting twenty per cent of the electric energy generated 
by the dynamo. 

To avoid this loss we must make the wires twice as heavy per run- 
ning foot, and if we do so we can then reduce the loss at two thousand 
feet to ten per cent as before, but clearly we have four times the weight 
of copfjer to pay for in our conductors. If the lamps are removed to a 
total distance of three thousand feet, we shall have three times the 
length of wire, and to keep down its resistance to that producing a loss 
of only ten per cent, we must make the wire three limes ae heavy per 
foot, or, in all, we shall require nine times as many pounds of wire to 
Operate the lights at a threefold distance. The law evidently is, that 
the weight and cost of the wire will increase as the square of the di* ■ 
tanca V 

This difficulty is mitigated to a considerable degree by what ia 
known as the "three-wire" system, first indicated by Mr. Brush in his 
patent Na 261,077, issued July 11, 1882, and developed in two differ- 
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ent directioDs by Mr.- Ediaon, in his patent No. 274,290, issued March 
20, 1883, and by Mr. H. M. Bjllesby, of the Westiughouse Ca, in hia 
patent No, 845,212, issued July 6, 1886, so that the loss can be reduced 
to three-eighths or even to iive-sixteenths of what it would otherwise be 
by a moderate increase in the complication of the arrangements. 

The outstanding loss has, however, led to the development of a radi- 
cally new and very interesting system, known as the secondary or 




iDsformer system, chiefly represented in this country by the Westing- 
e Electric Ca 
The principle on which this system operates is indicated by Pro- 
ior Brackett in the introductory chapter, and maj' be briefly stated 
by saying that if we have two conducting wires parallel to each other, 
and pass an interrupted or reversed (t.&. alternating) current through 
one of them, there will be produced a similar, but always alternating, 
current throngh the other, without there being any conducting contact 
at all between the wires. 
_ This may be very beautifully shown by the following experiment : 
ave upon a table an oval coil of fine copper insulated wire, 
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ibrougU which is passing the rapidly reversing or alternating current 
obtained from a dynamo-machine which is working without a commu- 
tator. {Figure 24.) 

If, now, we hold above it just such another coil, in whose circuit is 
included an incandescent lamp, this lamp will light up and glow to its 
full intensity as we bring the second coil near to the first, and will die 
out as the coil is moved away. This will operate just as well with a 
plate of glasa between the two coils. 

This action is greatly intensified by enclosing both coila in a maaa 
of iron, whereby magnetic influence is 
brought into play, and accordingly the con- 
verters or ti:ansformer3 used in this system 
are made, as will appear from inspection of 
Figure 25, by enclosing the two coils in a J 
mass of iron made up of thin sheets, so cut.] 
that they can be sprung in, one at a time^J 
around the coils. 

The relative character of the currents iaJ 
the two coils depends substantially on tbeir J 
lengths and consequent resistance; thai* 
which is shorter and thicker having a cur- 
rent of larger volume and less pressure or 
u»d ™7ih in'MmrtinJ'c'r".'™" electro- mo live force, and that which is longer 

and thinner having less quantity or current J 
strength and more electro-motive force or pressure. Now, a current of J 
high electro-motive force and small quantity can be carried a long dis*'! 
tonce on a small wire with very little loss. 

If, then, we pass this current through a coil of long fine wire, in i 
converter whose other coil is relatively short and thick, we shall obtainl 
in the latter a current whose quantity is great and whose electro-motiv* 1 
force is low. lu other words, wc can thus transmit sucli a current as 
goes easily ou a small wire from the central station to the house where 
Uie lights are to be used, and there transform it into the kind of current 
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most desirable fur the operation of inoaotlescGEit lights. Id practice the 
WestiDghouse Co. send out their currents with an electric pressure of 
one thousand volts or units of electro-motive forc& A quantity of this 
corrent equal to one ampere, or unit of current etrengtb, running 
through the fine wire of one of their converters will develop in the 
coarse wire a current of twenty amperes quantity hut of only fifty volts 
pressure. 

Such a current, however, would he just what was wanted to run 
twenly incandescent lamps in "parallel " series, which is the most con- 
venient way, aa each is then entirely independent of all the others. 






The problems of cheap production of electric energy, of cheap and 
efficient regulators or arc lamps, of cheap and efficient incandescent 
lainps, and of economical methods of distributing the electric energy 
from the electric generators to the lamps having been solved so 
thoroughly, as has been here indicated, there seemed little yet to be 
desired. One thing, however, was nol provided for, and that was the 
storage or accumulation of electric energy. The method of its pro- 
duction by the dynamo requires an absolutely constant activity and a 
literallv sleepless vigilance. If the steam-engine stops or relaxes its 
speed, the light goes out or becomes dim ; or if a belt breaks or slips 
off, or any part of ihe dynamo becomes disarranged, the light is gone in 

instant and without warning. 

This lack o( alornge capacity was often referred to, and was a serious 
reproach to the systems of electric lighting as compared with other 
roetboila of illumination. This reproach has been to some degree 
removed by the labors of M. Camille A. Faure, and of those who have 
followed up, and to a greater or less extent improved upon, hia 
invention. 

The " state of the art," as regards the storage of electricity prior to 
Faure, may he fairly expressed and summarized by a statement of what 
)ira3 done by Gaston Plante * in 1860. 

• Planti; liiefl in June. 1889. 



184 ELECTRICITY IN LIQHT1S6. 

Ttis experimenter took a series o£ lead plates, immerBed in n V 
Gontainiug dilute! sulphuric acid, and coupled or joined lb«cu so U 
they were united into two groupa, each alternate plate coostitacing o 
group and the intermediate plates being connected so as to form t 
other group. He then pasaed the current from a couple of 1 
cells, arranged in series, into this structure, by joining the poedtii 
pole of the battery to one of these groups and the n^ative p.-ilc to 




other. When the adion of the battery had continued for a long t 
he found that on rcnioviog the battery he could get an elcotrio ctu 
from his two groups of lead plates; this current being oppoaibe i 
direction to tluit developed by the l>atl«ry and capable of Tiddioj 
greater flow for a Bbtjrt4rr time. The knowledge already Bcoumnlal 
hiui explained the cauite of this, which was as follows: The platoil 
XeeA, even before immersion, were coated with a film of oxide, and f 
immersion, at all eTents, would Boon ncqiiire a onating tif Balplu 



M 

lead. I'he p 
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Tie passage of the battery current between tliese plates would 
convert tlie oxide or sulphate, on one side into metallic lead, and on the 
ptlier aide into peroxide of lead. 
k Now, metallic lead and peroxide of lead, as was welt known, are 
nobstancea well fitted to develop a galvanic current in the same way 
that such a current is developed by an orflinary galvanic battery made 
with plat«8, for example, of zinc and copper — the metallic lead taking 
the place of the zinc There was, however, one important difference, 
lat whereas in the zinc batl«py the zinc went into solution, in the 
I battery nothing was dissolved, and therefore everything kept its 
original pf>9ition, 30 that the original cycle of action could be indefi- 
nitely re]>eated. Plante, in fact, found that by repeatedly charging his 
lead plates from an ordinary battery, and discharging them again, and 
also by reversing the direction of the charging current, the capacity of 
liis lead plates, or the amount of electi-ic energy which they could 
be made to absorb and redevelop, was greatly iiicreased. Indeed, the 
maximum capacity secured by this treatment was only reached after 
about six months of such charging and discharging. The reason of 
this also was not far to seek. By these repeated actions the surfaces of 
the leaden plates was corroded or honey-combed, and thus a greater 
/.mount of the material was in condition to be converted into metallic 
lead and peroxide by the battery current, and again to return to pro- 
toxide and sulphate during the ibscharge. 

To obtain any considerable capacity in this way, however, required 
months of treatment (called " forming "), and a heavy expejse for the 
charging currents, and soon after a battery was fully formed it began 
to dett^riorate by a continuance of this corrosive action, which caused 
the porous material to sca'e off and the plates themselves to break 
up. 

Plante's batteries were therefore of no commercial value, on account 
H«f their high cost and limited capacity. 

^K Matters stood thus when, in 1881, the world was astonished by the 
^MBcouut^ of what Mr. Faure had done in the way of improving tbia 
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Fiante secondary battery into his electrical accumulator or storage 
battery. 

Ilis plan was a very simple one, but wonderfully effectiva He took 
a quantity of litharge or of red leaJ, or a mixture of the two, both being ] 
oxides of lead, and making this into a paste with dilute sulphuric acid, ' 
he coated the lead plates with this mixture. When the plates so coated 
were plunged in dilute sulphuric acid, and au electric current waa 
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made to pass between them, the thick coating of oxide paste on one I 
side began at once to be converted into a spongy mass of metallic lead, 
and on the other into a like spongy mass of peroxide of lead. 

In this way no time was lost in the "forming" process, and the ] 
■■ capacity of the plates was very much greater in proportion to their 
weight tlian in the most perfectly formed plates of Plante. An 
Bment on this plan was made by Swan, of England, and others, 
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which conaieted in so perforating tbe platea that the paste of oxide 
would fill tbe aperturee, like a series of rivela with conical heads, bj 
which it would hold itself in position. 

The Faure and Swan patents and some others were talfen out in 
this country by the EleclricaJ Accumulator Co., who established a large 
factory at Newark, N. J., where these batteries have been made for 
many years. Figure 26 shows the interior of the principal work-room 
in this factory. These batteries only slort electricily in a metaphorical 
eensa What they actuallj- do ia to transform the active energy of an 
electric current into the potential chemical energy of separated chemi- 
cal substaneee, which are able, by their reunion, to develop again an 
electric current such as that which produced them. In other words, 
the charging current encii time decorapoaea the oxides and sulphates of 
lead formed by the chemical action of the battery during its discharge, 
Lbo as to develop metallic lead oa one set of plates and peroxide on the 
lother. This having been done, this metallic lead, by combining with 
[oxygen and sulphuric acid on the one hand, and the peroxide, by com- 
rt)ining with hydrogen on the other, develop an electric current, aa does 
[BDy ordinary galvanic battery. 

As these successive changes can be repeated an indefinite number o£ 
' times, the effect and appearance are the same aa if the electric current 
, had been in fact stored up or accumulated in the storage-battery. 
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By OHAELBS L. BUCKINGHAM. 

ThB BEUISyiHO.S of the ELECTBIC TBLEGKAPn — Sll3KlFICA.-n' DlSCOTEIUES FBOH UMi 
TO UBNRr — ISIPOBTASCE Of TUE MoBSE ALI'HAUKT — Er>iW«TS TO IkCRBASR 5 

CiRKVtso C'aI'acitv of trb Wire — Pakmee's Multipuwivnchbosoi 

THB B(7PLES ReDITCBO to POACTtCAL FoRU IN 1873— BxPLAHATIOHa Or I 

pBurdPLES — The Dcplkx asd Ql-adbuplex — Tueoht of the Mvl 
kONie — Bais's Chemical Automatio Teleobaph — Why an Ai'toxai 
Cannot be horb than an Auxillabv — Fao-sihilb TBLBOBAPnv — Tyf 
HAomNBS — Tdg Siphon Rbcobdeb fob Subxabinb Cables — Loi^atino Bkkaks || 
A Cable— Teleoraph mo froji a Moving Train— Static Ketahoatioh. 

THE successful projects of ProfeBsor Morae have a historical s 
ing of nearly half & ccDtuiy. Meanwhile his work, overgi 
with improvemeats, has l)ecome a commercial industry reachingB 
tbe outskirts of civilization. In the United States alone the Wea 
Union Tel^raph Coinpauy, with its 600,000 miles of wire, transnifl 
annually more than 50,000,000 messages. According to the t 
of Darwin, who assumes the making of fire to be the greatest diacovet 
of man, an invention acquires its rank from the extent of its subseqtiei 
application. This striking advance from Morse's bumble begiDniDi 
may well lead our generation to ioquirc from what acbievemenfa 1 
pe has almost come to be a synonym for the telegraph. 
Id October, 1832, wlien his attention was first drawn to this subjet 
f even before he had so much as assumed tbe possibility of electrici 
•nunication, science bad placed at his disposal the three eesentinl 
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elements: a roelallic conductor for conveying the fluid between distant 
[toints, a galvanic battery affording an ample source of electricity, and 
an electro- magnet for tranelating electric currents into intelligible 
signals. Following the discovery of the voltaic pile in 1800, Davy, 
before 1810, had employed the combined action of two thoueand 
battery cells in experimenting with the electric light, and had developed 
currents stronger than would operate the longest telegraph-circuit of 

K present day. 
In 1819 Oersted had observed that an electric current caused the 
ection of the compass-needle, and in the year following Arago suc- 
ceeded in magnetizing a steel needle by placing it across a wire convey- 
ing a current. Ampere immediately perceived the multiplied effect 
that would be obtained by coiling the wire around the needle, and in 
1825 Sturgeon substituted for steel a core of soft iron. The electro- 
magnet, although crude in form, was then complete as an invention. 
In 1828, however, it was taken up by Professor Henry, and in bis 
hands, before 1831, was advanced so far from a laboratory experiment 
that doubtless it could have been advantageously used as a telegraph- 
receiver. [See " The Electric Motor and its Applications."] 

That Henry, during this period, placed the world in full possession 
of a knowledge of the character and pro].>ertiea of the electro-magnet 
cannot lie doubted when we rememlier that he constructed a specimen, 
existing to-day, capable of attracting an armature to its poles with a 
force of more than two thousand jwunds; and rn 1831 he went farther 
and employed an electro-magnet in an experimental telegropb, which 
by vibrating a bell-hammer, audibly announced signals by the closing 
and breaking of the current. Whatever merit, therefore, there may be 
in the claim advocated for Professor Henry that he invented the 
telegraph before Morse, there is httle rotim for doubt that he brought 
the electro-magnet to a stage of development fitting it to many uses for 
which it has since lieen discovered to be suited. 

If, in 1832, Morse had appreciated the possibility of manually 
closing and opening a circuit to effect transmission, and of reading 
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soiiud-aignala produced by tlie blows of an electro-magnet's armaturar 
he might, with little trouble and expense, have organized a telegraph 
system fronn the galvanic battery and the Henry magnet. But instead 
of forming a system of those parte, he adopted them as a skeleton upon 
which he built, not thinking that one day his additions wouJd become 
obsolete and that the system would be brought back to the simple 
elements with which he began. He assumed that an automatic mech- 
anism must be employed to insure accuracy of transmission, and tliat 
messages must be permanently recorded upon paper or other fabric 
and to nieet these requirements, whether real or imaginary, consisted ii 
large part the work of introducing the electric telegraph. The first 
telegraph contrived by Morse reveals complications which are entirely 
omitted in systems where signals are read by sound. The devices 
added by Morse contained designs requiring the most delicate work- 
manship, and every part of the mechanism became a source of difficulty, 
threatening the entire undertaking with failure. The possible electrical 
obstacles to its success seem almost to have been forgotten, for th<%e 
of a purely mechanical character were much more serious. It was not 
merely a question whether, electrically, the system was possible, bat. 
chiefly whether a rather difficult electrical experiment could survivo- 
the encumbering intricacies of the apparatus. But Morse's early plans, 
involved as they were, contained the groundwork upon which the dot 
and dash alphabet was produced by a natural evolution; and, whether 
his system was the best or poorest of its kind, it brought the telegrapl 
to the favorable notice of capitalists in a form which could not fai 
even in the hands of unskilled operatives. 

It is said that Morse was chagrined that operators, as they 
skilful, could read messages by sound without the aid of his pennant 
recorder; but, with respect to the credit due him, it matters nt 
whether his devices had their uses for a year or for a century; th« 
served their purpose and gave the telegraph an introduction to t! 
world, which otherwise it might not liave received for a generation. 

If the struggles of Morse and his associates in securing public re 
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ognition of their undertaking could be forgotten, it certainljr would 
now aeem anomalous that be should be honored by having his name 
metonymically represent the modern electro- magnetic telegraph, con- 
sisting as it does of a circuit, a circuit- breaker, a battery, and an electro- 
magnet — for these are the elements which were old, and to which he 
had recourse when he flrst assumed the role of inventor. 

Others before him had devised systems of great merit, while many 
of his contemporaries, of higher seientiflc attainments, were diligently 
working in the same direction ; nevertheless, his success in adapting 
the telegraph to the ignorance of the age rightfully placed him beyond 
competition. 

Doubtless Morse derived vajuable assistance from Henry and Vail, 

but the telegraph of to-day i 1 

bears the marks of his genius ^^-J*— ^ flBlr^^ 



1 T 



^^^D ftiatttres, from the smallest 

^^Bfietail to things of indispen- 

^^^Kable importance. 

^^1 The world has lost noth- 

^^■VDg, Dor is it less to his credit if parts of the invention which he 

^^" esteemed most have, like the false works of an arch, been removeil. 
When they became an incumbrance their absence was as important as 
had been their presence, to give the structure its original shape and 
etrength. 






No sooner had Morse and Vail demonstrated the feasibility of the 
le^raph tban it became important to iacrease the carrying capacity of 
le wires. In 1846 Bain proposed to employ perforated strips of paper 
to effect automatic transmission in connection with an electro-chemical 
process for recording, in which marks upon a moving band of paper 
are made by discoloration attending the passage through it of signaJ- 
ling cmrenie. But up to 1852 no one appears to have conceived the 
po^bility of a system by which two or more operators might simul- 
laDeously use a wire to transmit independent messages. 
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In tbat year, however, Moses G. Farmer, of Salem, Mass., derised ^ 
Bjnchronous-multiple tel^rapli, in which he proposed to emploj t 
rotating switches, one at each end of the Hue, to successively and s 




a circular series of stationary electrical contacts a 

marks of a clock-dial, over which a rotatingarm, like the hand of a clock, 

rapidly drawH a spring or trailing conilactor. The rotating arms are 




1^ 



connected with the main line, one at each end, while each of the ahort 
wires is provided with a set of Morse instruments, and thus it is that 
each operator may send a signal to, or receive one from, the operator 
upon a corresponding branch at the distsmt station. It Is now seen that 
if the two arms are rotated together, having been started from the same 
angular position, the main line will siuiullaneoualy join the No. 1 
branches at each station, and all the several branches atone end will, 
in rapid euocession, be connected with corresponding branches at the 
other. When two branches are thus joined, a momentary electrical 
connection is made between the operator at one station and his cor- 
respondent at the distant end. But not so if oue arm is running faster 
or slower than the other, for then branch 2, at one station, might be 
joined either with 1 or 3 at the other. 

Onljr an intermittent current, however, is sent over the circuit of 
each pair of operators ; nevertheless, the pulses succeed each other with 
such rapidity that a practically continuous magnetic effect will be pro- 
duced upon the relay in making a signal, provided the time required 
on electro-magnet to part with its magnetism, upon the cessation of 

Trent, be longer than the interval between pulses. 
The multiple-synchronous system, from a historical standpoint, is 

irthy of notice, not because of demonstrated superiority over other 
;hodE, but rather from the fact that it was the first multiple system 

ivented. Moreover, it is important because of its promise of a eapac- 
Ijgr for a larger number of transmissions than it was supposed could 
tvtherwise be obtained. The public is occasionally startled with an 
announcement that some one has invented a telegraph by which a wire 
may be utilized for twenty or perhaps forty transmissions ; but usually 

is the old wanderer in a new garb. Speed by this method, however, 

limited far within the bounds of these statements. It might seem that 
\t would only be necessary to multiply the number of contacts and to 
increase the velocity of the rotating arms ; but the limit in this direc- 
tion is soon reached, for only a certain number of impulses can be 
ittetl over a line within a certain period with foire suflficient to 
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produce signals. Many valuable improvements have beett mi 
recent years in this class of telegraphy, but, large as the art has grown, 
the great object of all has been to obtain more perfect synchron 
thai is to say, to cause two mechaniealiy independent arms to rotate 
the same speed. 



1 



The reduction of the duplex to practical form, in 1872, marked the 
most important advance in the art of telegraphy since 1844. For not 
only did it practically double tbe capacity of a wire by utilizing it tor 
two simultaneous transmissions — one in each direction — but its devel- 
opment led to a careful investigation and a full understanding of tbo 
phenomenon of Static induction on telegraph-lines. 

In 1853 Dr. Wilbelm Gintl, of Austria, invented a duplex system 
which, in tbe following year, was so far improved by Carl Friechen, of 
Hanover, that it lacked only one essential elenient^means to balance 
the effects of static induction upon the relays — to bring it to its preaent 
perfection. This important addition was supplied by Joseph B. Stearns, 
of Boston, Mass., in tbe early part of 1872, and by its application the 
duplex became a successful means of doubling the telegraphic capacity 
of the longest circuits. From that moment messages were simulta- 
neously transmitted between New York and Chicago, and upon lines of 
even greater length. Yet before this improvement tbe duplex was of 
nogi-eater utility than had been tbe systems wbich had preceded Morse. 

It is said that if Morse bad failed in 1844, some one would have 
succeeded within a few years. It, however, required eighteen years to 
supply one step, or, more properly, to discover one fault in tbe duplex,, 
at a time when its value was as certain as the fact that two telegra] 
lines cost more than one. 

The principal characteristic of the duplex is, that a signal which 
sent to a distant station for reproduction shall produce no effect u| 
the home receiving-instrument. In transmitting a signal, Frisch) 
split the outgoing current into equal parts, and used one-half 
main line to produce a signal at a distant station, and the remaini 
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upon an artificial line, b^nniog and terminatiog in the same office, to 
prevent sigoals at the home station. But, that the division of the cur- 
rent between the main and artificial lines may be equal, the resistance 
to the electrical flow in one must be made equal to that of the other. 
The use, however, of great lengths of wire for the artificial line ia 
avoided, by employing a German-silver conductor of such small calibre 
that only a foot of its length may have the resistance of a mile of tele- 
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graph-line; and by this expedient an artificial line which will balance 
a long telegraph -circuit may be reduced to the compass of a small box 
weighing only a few pounds. 

If, with the batteries arranged as shown in the accompanying dia- 
gram, both keys were depressed at once, no current would flow over the 
main line, because one battery would oppose the other. Siill, signals 
would be made at both stations, notwithstanding an absence of main- 
[|ie current, for the relay cores would be made magnetic by currents in 
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the artificial line-coils. II, bowever, the battery at one end were 
changed about, with its negative pole to line, its positive being cod- 
nected with the earth, one battery would 
not neutraJize the other upon the depreasio] 
of both keys. On the contrary, the mainj 
line current would be of double strength;. 
As before, signals would be simultaneoualyj 
made at bothstatiooa, 
but from a different 
~"^" cause. In this in- 
stance the double car- 
rent in the main-line coils of the relays overbalances the 
single strength flowing in each artificial line. 

When a telegraph-line is connected with & battery in 
sending a signal, it is charged, or filled from point to 
point, as is the bed of a river with an unlimited supply 
of water flowing from its source. A current would not 
begin at any point until the bayous and lagoons above 
had been partly or wholly filled, for they would serve as 
reservoirs, temporarily, to exhaust the supply ; and as 
time is require<I for o flood to set in from the source to 
the mouth, so there must intervene an appreciable period 
before an electrical current of normal strength will be 
established throughout the length of a telegraph-Hi 
While a line is becoming charged, a variable curi 
starting at great strength at the battery end, is set U] 
Lin.msn .t because the electric flow in the beginning encounters onljrl 
the resistance of a short length of line; and after 
removal of the battery, if the line is connected with earth, a momentary^ 
return current will occur. Thas it is seen that, accompanying 
signal transmitted, aa abnormally strong current will flow from the 
tery at the first instant, while at its termination there will be a stroi 
return discharge. 
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These currents were the source of difficulty in Frischeo'e duplex, 
for tbey were not balanced upon the differential relay, because there 
were no similar currents in the artificial line. A circuit made up of a 
short, tbin wire, like Frischen's artificial line, however great its resist- 
ance to the electric flow, has no considerable metallic surface and no 
appreciable electrostatic capacity. Stearna gave tbe artificial line an 
electrostatic capacity, and thereby, at the begiouing of a signal, tbe 
abnormally strong current flowing to tbe main line was balanced by an 
approximately equal one passing into tbe artificial line. Likewise at 
its termination the discbarge from the main line was balanced by an 
equal return-current from the artificial line. And this Stearns accom- 
plished by connecting the opposite plates of a Leyden jar, or condenser, 
one above and one below the resistance JT. 



In the diplex, forming a part of the quadruplex of the Western 
Union, two messages are simultaneously sent over a wire in the same 
direction, one by current-reversals and the other by changes in current- 
strength : and although both signals are electrically effected, they are, 
nevertheless, as independent as would be two messages, if one were sent 
along a metal rod by the blows of a hammer, and tbe other electrically 
by the Morse method. [See diagram and e.'tplanation on page 160,] 
^^ Doubtless many methods of illustrating double transmission will 
^btti^est themselves to tbe reader. A long rod might be moved back- 
Bwiud and forward along its axis by one operator to ring a gong, while 
at the same time a second operator could rotate the rod about its axis 
lo move a flag or to turn the hand of a dial. Two transmissions could 
also be effected by the action of water in a single pip& If a section of 
^Hbe pipe were of glass, a valve placed within could be made visibly to 
H^faore to and fro, and by the backward and forward flow thus caused, 
to indicate signals of one message, while signals of a second m ea^ 
eage could independently and simultaneously be indicated 
ased pressure, shown by the height of fluid in a vertict 
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It has now been shown that two messages may simaltaneously I 
transmitted in opposite directions, and it is shown below that two r 
sages ma,y simultaneously be sent in the same direction. It will readiljl 
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raent. Inpi^ «ter. Itlifoonii npon long line* thst dnrlng reversal there la a tendency IBr ll 

annitare of- al relay, if attracted, to be drawn back by iuapringand Ihaeio maiUiue tM rfgul 

Id ntber won . );peiiod of alalic charge and dUiGhtr^ dnrlng a rvverui iiMlong that the ntoB 
relay, which -id be wholly governed by chnngea In carrent-altEni^tb, haa the fanlt of reipondlnf I 
revermls an' *e1gn»lmenl by the wrong operator. Th1» t» thegnwi dllHculty encountsred In openUi 
tbe qnadru, jei ayntem, Oiberwlae it would be ax perfect in Ita operaiion aa tbe alngle Morse lyitem. 



the polar relay In Bncb man- 
r. kry n alone la depnwjed. a 

rvfl to prenB tbe annalore of the poUr 

lormally dowing derelope a i 



mtb magnetism of the In 

nugietiia the core of 
urc, aiul thOB to pnidBOt 1 'l 

™tB, Ibearmatnte being rf I 



If.ttinrl 



be undcrMtood [Diagram, page 151 ] that the quadruples, by which I 

two messages are simultaneously sent in each direction, ia fornieci I 

f placing at each end of the duplex two transmitters and two reoeiT- 1 




TBE OPERATION OF THE QUADRUPLES. 

ers sacli as are shown in the diplex. Id this arrangement the artificial 
line of the duplex is made to include a neutralizing coil on eacb of 
the two relays, thus prevent- 
ing the receiving -instruments 
at the home station from re- 
sponding to outgoing signals, 
■while the reversing and cur- 
rent-changing keys independ- 
ently servo to bring into ac- 
tion the polar and neutral 
relays at the distant station. 
Instead o£ transmitting 
two messages in the same 
direction, one by reversals 
and the other by changes 
in current- strength, both 
transmissions may be effect- 
ed by employing three dif- 
ferent strengths of current, 
all in one direction; and, ""g" t-o n t ^mt megnxmgft 

in fact, this principle has 

been adopteii in using the quadmplex as a foundation for a sextuplex 

-ction. 

may be 

operator, 

itr-breaker, 

the main 

i provided 




— a system for three simultaneous transmissions in 
In the muitiple-iiarmonic system, by which ma 
transmitted in one direction, or in opposite direct 
by depressing a Morse key. puts in action a vibrat.j 
and thus causes a series of electrical pulses to flo^ 
line and through several receiving electro-magnets, whii 
with vibrating annatures formed of reeds or steel ribbonc lo propor- 
tioned that their different rates of vibration may be made equal to those 
of the transmitters. If the elastic reed or ribbon of a receiving-i 
ment is not tuned to vibrate in unison with the transmitter i1 
be brought into action, but will remain quiescent, as woi 
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if forces were applied on both sides without regard to it« period of 
vibration and direction of movement The several receivers are thus 
made responsive to the corresponding transmitters, while each is silent 
to all but its own pulsations ; and although a composite tone will be 
transmitted when ail the sending keys are simultaneously depressed, no 
interference between the several tranamissiona will ensue; for each 
receiver, under the action of the resultant series of pulses, is vibrated, 




as though only an intermittent current from its own transmitter" 
sent to line. Tbe several receivers act to analyze the composite seriei 
of pulses, each taking up a component series equal in number to thd 
vibrations derived from ils transmitter. If the several transinitte 
were tuned to the notes of a musical scale, a tune could be plaved anq 
reproduced by tbe several receivers if placed in the same room; but 
each receiver would produce only its characteristic note, as is found by 
placing them in separate apartments. Thus an independent i 




THE CHEMICAL AUTOMATTC SYSTEM. 



may be transmitted b/ each ot the several keys, and it will be repro- 
duced only upon the corresponding receiver. 

The efficiency of this system, however, is seriously impaired Ijy 
inductive disturbances from other wires on the same poles, and prob- 
ably this defect, more than any other, has prevented its adoption. 
Experiments, however, at moderate distances, with only one wire on a 
line of poles, seem to have been very euccessful. 

Morse originally proposed to employ type-blocks, which, placed in 
forms, were mechanically moved under the arm ot a circuit-breaker, to 
automatically transmit signals. In 1832 he suggested also the electro- 
chemical process of discoloring a strip o[ paper for making a permanent 
record, But neither idea was practically applied by him. The modern 
chemical automatic was first put into experimental form by Bain before 
1850, but with little success. Bain, as is now done, transmitted mes- 
sages by drawing a jwrforatetl strip of paper between the points of a 
key and a metallic surface, the holes in the paper permitting the two to 
come in contact, and thus to transmit a signal. Morse did not suggest 
the automatic for the sake of great speed — he only sought mathematical 
accuracy in transmission. Whatever Bain hoped to accomplish in the 
direction of greater capacity, his primary object was to make a tele- 
graph that he could use notwithstanding Morse's patents. In 1869, 
however, the electro-chemical automatic was brought to public notice as 
a system possessing rare qualities of speed. But in its several competi- 
tive trials with the Morse it baa proved a remarkable failure, although, 
perhaps, more than a moderate degree ot success might have been 
expected. Many believed that it would give a wire at least thirty times 
the capacity of a Morse circuit; and ])erhaps not without reason, for 
President Grant's annual message of 1876 was sent over the wires of 
tbe Atlantic & Pacific Telegraph Company, from Washington to New 
Vork, at a rate which apparently justified this estimate. But, notwitb- 
ptanding the theoretical advantages of the system, it has failed in the 
hands of companies having the .stronge-it financial support, and, in fact, 
it has ruined every organization which has persisted in using it ii 
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petition with tlie Mors& And i5o conspicimus bave been the uolan 
that their history may have some interest for the general reade. 

We may obtain an idea of the enthusiasm arousetl in behalf of this 




system from the annual report of Postmaster-General Cresawell, 
November 14, 1873 : 

" For ^urs past tbe attention of inTentore and scientists has been attracted to I 
areessitj for u more rapid and less espensiFe mode of tranBoiissioa than the Mot 
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whiob reqnires the tnesskges to be ipelled oat hj a slow snd tedious ptocew, at about 

Ibe speed of on ordinary writer. One ot the results of their investigations is the auto- 

ft Biatic or fast ^stcm now in operation betweco New York and Washiu^on. This sjs- 

1 (.-apable al a speed of from five huDdrcd to eight hundred words per minute. The 
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■Tenge of an expert Morse operator is nc)t over tweiity-fivo words per minute. Therefore 
it is erident that if the mitninatiu methoil eaii be made to accomplish what its advocates 
nfldentl; predict for it, the capacit)- of e. single wire for business will lie increased 
ir quilo thirty times. . . . There can be no doubt of the ultimate sut/cess of 
autoniaUc principle. Its battle with an incredulous public is almost won. As soon 
Bit AtHi bo thoroughly developed and applied in practice the problem of cheap teleg- 
j wUl be definitively solved." 



The Postmaster-General assumed that the time had come for the 
Untioti by the Goverrnnent of a postal telegraph system. Failing, 
'ever, to induce Congress to build lines, the owners of the automatic 
, 1874. secured a purchaser in the Atlantic & Pucifir, a cor- 
ration owning many thousand miles of wire, which was then in 
ntion to the Western Union. Notwithstanding the fact that the 
1 Union had recently doubled the capacity of its wires by using 
I duplex, it waa naturally assumed that, with the assistance of the 
chemical automatic, the Atlantic k Pacific could operate its lines at a 
profit after reducing Western Union rates by one-half, for it had been 
confidently represented that a wire thus equipijeil was capable of at 
least thirty Morse transmissions President Grant's message in 1876 
had been telegraphed two hundred and fifty miles at the rate of several . 
liundred words a minute; but, notwithstanding this and other !>•-• 
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entlj successful tests, the system, after a use of about two years, was 
discarded. The failure was made conspicuous by the fact that the 
Atlantic & Pacific was able to give the undertaking all necessary sup- 
port This, therefore, is not an instance of a meritorious invention 
permitted to perish for want of nourishment in infancy. It was not 
abandoned until it had proved an expensive experiment; and in the 
end its worthlessness was so thoroughly demonstrated that the Atlantic 
& Pacific, having only an imperfect system of double transmission, was 
for the most part reduced to the use of single Morse instruments, while 
its rival enjoyed the advantage of the Stearns Duplex. 

Again, in 1879, an automatic system containing many valuable 
improvements was taken up bj' the American Rapid Telegraph Com- 
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pany, a corporation of large means, whose lines were built to remedy 
certain defects said to Lave contributed largely to the Atlantic 4 
Pacific failure. But after a trial of nearly five years the automatic was 
again abandoned. The American Rapid began with a system which, of 
its class, will probably never be excelled, and for which it was promised 
that two thousand words a minute, instead of one thousand, could be 
sent over a wire ; but at one speed or another, with good wires or bad, 
the automatic system seemed equally ]X)tent to break down any com- 
pany attempting to use it to the exclusion of other methods. 

In 1883 an effort was made by the Postal Telegraph Company to 
introduce the automatic system of I^ggo, upon a large wire of low 
resistance, between New York and Chicago; and although, for the pur- 
poses of an automatic, this was probably the best line ever built, the 
results were so unsatisfactory that after experimental use for about 
three years the system was finally abandoned. 

It is now maintained by advocates of this method of telegraphy 
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'Wt tour thousand words a minute may be sent over a single wire ; but, 

'^naidering tbe signal failures at one thousand and two thousand, these 

tesertions only lead to the conclusion that the great speed of the system 

cf 00 avail, and that it is the ignis fatuxis of the telegraph world. 

New men will from time to time be induced to take up this chimera 




) a means of revolutionizing telegraphy, but a company could now 

iriflh a competitor no greater harm than the use of an electro-ehemical 

lyetem as its principal methoil of transmission. The automatic is 

Kfloubtless a valuable auxiliary to a telegraph system, but it cannot be 

Kltisively used to advantage. 

Tbe Wbeatstone telegraph is a system which has long been used 
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with a high d^ree of success in Great Britain, and has in ]&u 
proved a valuable adjunct to the Morse in the Western Union service, 
particularly where large volumes of business must pass over few wirea 
Id tbis system messages are automatically transmitted by a strip of 
perforated paper, while their reception is effected by an ink-marker 
which, under the action of a receiving electro-magnet, makes Morse dots 
and dashes upon a moving band of paper. Although the use of an 
electro-magnetic receiver makes impossible the high speed which may 
be obtained by the electro-chemical method, the one poasessea advan- 
tages over the other which are indispensable to a successful system. In 
the Wheatstone, repeaters which serve to convey transmissions from 
one circuit to another witliout manual aid may be employed, as is done ] 
at four points on a line twenty-sis hundred miles long, from Chicago to J 
San Francisco, while in the electro chemical system this is impussiblejfl 
and for this reason alone it ia not practicable upon lines of the great* 
length, where it would be most useful. Moreover, the record, whei 
made in ink-marks, is far more reliable than when formed by electro 
chemical discoloratioos ou moistened paper, for in the latter case, i 
great speed, the tendency for dots and dashes to become blended into fl 
continuous line is marked. The Western Union baa long controllet 
the electro-chemical systems with which the Atlantic & Pacific and tbo^ 
American Rapid Companies failed ; but it has not attempted to utiliz 
either, and most of the apparatus has long since found its way to thflfl 
junk-dealer. 



The facsimile telegraph, by which manuscript, maps, or picture 
may be transmitted, is a species of the automatic method alread^lj 
described, in which the receiver is actuated synchronously with 
transmitter. By Lenoir's method a picture or map is outlined will 
insulating ink upon the cylindrical surface of a rotating drum, whicl 
revolves under a point having a slow movement along the axis of tbw 
cylinder, and thus the conducting point goes over the cylindrical e 
face in a spiral path. The electrical circuit will be broken by everjri 
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ink-mark on tbe cylinder which is in this path, and thereby 

ing marks are made 

in a spiral line by au 

ink-marker u|)on a 

drum at the receiving 

end. To produce 

these outlines it is 

ouly neoesBary that 

tbe two drums be 

rututed in unison. 

This Byslem is of 

little utility, there 

being no apparent 

demand for fac-Bimile trauamis- 

Bion, particularly at so great an 

expense of speed, for it wilt be 

seen that instead of making a 

character of the alphabet hy a 

very few separate pulses, as is 

done by Mors*?, the nuralier 

tnuBt be greatly increased. 

Many dots become necessary to 
|«how the outlines of the more 
Bcx>mplex characters, 

Tbe pantelegraph is an in- 
Iteresting type oE the fae-simile 
^method. In this form the 
•movements of a pen in the 
fc-writer'a hand produce corre- 

Veponding movements of a pen at the distant station, and thereby a 
Bfac-simile record. 




cry ^ncnll]' UKd tiir 
poB short linee In ciUt 
blecaiie hy BClock-mai 
imEied bj nitne can 



llcittPH the |ir]up1|mJ pATU uf ■ »tx]f-\iy- 

:h. In varlons modlflcuioni, bu bem 

lA tiir reporting qnotaUoni uid newa 

The tTpe-wbHl \r routed In 
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In tbe many 



forms of type-printing tel^raphs which have come bto 
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UB6 tiiere lias Leen employed a rotating type-wheel carrying the aeces 
sary characters, as shown in the accompanying illustration. 

Printers in which tlie type-wheel is rotated step by step were, in i 
earlier days of telegraphy, employed upon comparatively long lines, an<ij 
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veiy considerable speed was obtained, but because of the number of! 
pulses required to bring the type-wheel iuto position £or an impressioni 
such prinlere are not well adapted to the longest lines, the speed at whick. 
one pulse may be made to follow another being limited. [Page 159.] 

In the Phelps motor printer, which is used to a limited extent by.l 
the Western Union Telegraph Company, only one pulse transmittedl 
over the main line is required to print each letter. This is accotn 
plished by the synchronous principle, a transmitter at one station ands 
a type-wheel at the other being rotated by suitable motors at exactly 
the same speed. In the rotation of the transmitter, upon depressing 
a key, a current is sent to line just when the character on the type 
wheel corresponding with the key depressed is brought opposite theJ 
press-pad. 

Only the feeblest currents should be used on submarine lines, sine* 
heavy pulses which could be employed with impunity on land lines, i 
they did not soon destroy the cable-covering, would at least tend tofl 
develop faults which otherwise might long remain latent Defects xa'm 
cable-covering, that otherwise may not lead to harm, admit moisture^,! 
and hence, under the action of a strong current, oxides are quicklT 
formed, destroying insulation. The necessary use, in ocean tel^raphyj 
of the lightest currents baa leil to the development of a class of record*! 
ing instruments remarkable for delicacy of action — notably the Siphool 
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Recorder, which indicates the electric imputees bv a wavy 
ink-line on a tape, and the Reflecting Galvanometer, which 
causes a spot of light to move from right to left in a 
darkeneJ room. With these recorders and thirty cells of 
lottery, messages aent across the Atlantic are telt^raphi- 
cally reproduced in ink at the rate of from twenty to 
twenty-live words a minute, each way, the cable being 
dwplexed. But for electrostatic indnetmn a single cell of 




battery would suffice for transmission from the earth to the 
raoon, if those todies could be connected by a wire of the 
size used in ocean cables. Indeed, under such conditions, 
if there were only the resistance of the wire, with the larger 
batteries now used in working the quadruplex on land 
lines five or six hundred miles long, messages might be 
sent from tlje earth to the sun, or from one planet of the 
solar system to another. Tlic impediment of static induc- 
tion in telegraphy is strikiugly exemplified in the ocean 



102 



TUE TELEORsPa OF TO-DAl'. 



letegnph. If tbere were do soch pbeootueiion x siogie battery o 
coald operate aruQDd the globe better than do thtnr cells acroea t 
AtUntie. Upon land lines there is nsoallT fouod oot more tbao oi 
fiftieth of the opposition enooantered f rooi this cause on ocean cable 
yet, even here, the amuant of cturent sbsorbed along the line by 
iDdiMtion is far greater than tlie portion emplored in making signals. 
While Mone iu planning his telegraph apprehended that the Boi 
might not act upon a circaii with BufBcient force 1 
effect tratismissjcn over great distances, he was oonj 
dent of his ability to aocomplish this, if a 111 
coald be worked ten miles, by employing 



:>i)i*-of<ic* or ti' 



Heriea of circuits joined by relays. His assuiniition of only one pr 
difficulty, which waa, in fact, imaginary, is instructive, when we c 
sider bow Binall a lialtery is now required to work a cable recorder fl 
distances exceeding bis moat sanguine speculation. 

Simple as are the methods of locating mid-ocean breaks in cables, i^ 
tiial a vessel may sail to tlic point of rupture, they arc, perhaps, i 
jKjpulariy understood. If the metallic conductor were broken, the sd 
rounding insulation remaining perfect, the electrostatic chaise of 1 
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cable, or the amount of electricity which it absorbs in becomiug charged, 
is electrically weighed by building op an artificial line until the current 
flows eqiiaHy into the cable and such artificial line. This equal divi- 
sion of the current might be indicated by a differential instrument 
resembling the duplex relays, shown on page 147. If the cnrreuts are 
equal, the armature of the differential instrument remains quiescent 
during their passage tbraugli its coila, for one balances the other. Each 
element of the artificial line having the static capacity of a known 
length of cable, an inventory of the elements used in making the arti- 
ficial line would obviously give the length of the cable This process 
is no more abstruse than would he the deterniiTiation of the distiince to 
a water-tight obstruction in a pipe, by forcing in or pumping out water, 
and taking its menaurenjent. If it were known thai a pint of water 




pfKl a foot of the pipe, the length of the conduit would equal in feet 
B number of pints pumped out or forced in. 

It, however, the insulating covering of the wire is broken, ihe cur- 
ait will flow fi-eely from tlie conductor to the surrounding water, and 
B strength, if the power of the battery is known, definitely measures 
e electrical resistance, and consequently the length of the condui^ior. 
i Ohm's law in "Electricity in the Service of Man."] In other 
Words, the battery-power, divided by the indicated current-strength, 
gives the line's resistance, and therefore its length. In the same man- 
ner, if we know the head of a water-supply, we may easily determine 
B length of a pipe by noting the velocity of the flow. 
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Few discoveries bave added more to tbe fund of electrical ectenee 
tban the recent determination of the fact that feeble telegraphic currents 
may inductively be conveyed across an air-apace of one hundred feet 
or more. 

The idea of telegraphing to moving trains bad its inception as earl/ 
as 1853; but o£ tbe many forms suggested all were impracticable 
that they involved a mecbanica! contact between the train and the s 
tionary conductor. Obviously, it is not feasible to make a circuit,'.' 
either ihrangh a sliding arm projecting from a car, or by bo modifyitip 
the track of a railroad that its rails may be utilized as electric conduct 
ors. But that this may b 
done by induction there ca; 
be no doubt, for its feasibility 
has been shown in dailj| 
practice upon the lines of tin 
Lehigh Valley Railroad fo! 
the past three years. A moT 
ing train may now reoeiW 
messages passing alon^ | 
neighboring wire almost i 
readily as New York cor 
municates with Philadelpbft 
the great speed of the iraia interferj 
If it coulJ attain the velocity of i 
meteor, signals upon the wire would fly across the intervening spaoe 
inductively impressing themselves upon the metal roofs of tbe can 
with the same certaioty as if the cars were motionless upon a sidetraolc 
and it is not even essential that the train and the line be separated V 
a clear air space, for non-conducting or non-magnetic substances mar b 
interposed without impeding transmission. During the memorabl 
blizzard of March, 18S8, the capacity of the system, in this particulat 
was subjected to an instructive test on the Lehigh Road. 

On the afternoon of March 14th, tbe second day of the storm, a 




by ordinary methods. Nor docs 
with successful communication. 
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effort was mode to clear the road by forcing a train of four locomotives 
and two tool cars, carrying two hundred workmen, through a long cut 
near Three Bridges Station. The snow had filled the cut upon the north 
side high above iLe train and the telegraph wire, but the south side was 
nearly empty. As a consequence of tlie great resistance oifered by the 
snow on one aide, the three locomotives in tLe lead were forced off the 
rails to the right, and were badly wrecked. No sooner had the train 
operator recovereil from the shock, thau he sent a message advising the 
division superintendent of the accident, and requesting aid for the 
killed and injured. For a long distance, at this point, snow and ice 
covered the wire to a depth of more than ten feet, yet during the follow- 
ing three days, in clearing the wreck, about six hundred messages wera 

I sent between the car on the south track and the wire running along the 

r north aide of the road. Notwithstanding the intervention of snow, 
communication remained as clear as before. 

When an electric current passes over a telegraph-line, objects along 

t its length, although at a considerable distance, are eleclrostaticallj 
opharged, and thereby secondary currents are made to flow between 
nh^e objects and the earth, both at the beginning and at the end of the 
^filectrical signal. Thus, if at the beginning of a signalling pulse a Bcc- 

r oodary current flows over an electrical conductor from a car-roof to the 

I earth, at its termination a return -disc barge will be established from the 
»rth to the roof. But the currents between the roof and the earth ai-e 
fOnly momentary, and they will not be lengthened by prolonging the 

'flow ujMin the main line. For this reason it is necessary to send many 
pulses over the main line, in making either a dot or a dash of the Morse 
alphabet, in order that a continuous effect may be produced upon the 
instruments in the car. If fifty short currents, following each other in 
rapid succession, should pass over the main line during the depression 

. of a key to make a Morse dot, or one hundred to make a dash, double 
e number of induced pulses in the train-circuit would be developed, 
ind tones like the buzzing of a wasp, of varying duration, representing 
a and dashes, would follow in the receiving- telephone, which in this 
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case replaces the Morse sounder. These signals are takeA up by the 
cars all along the line, whether upon one track or the other of the road, 
and when running in either direction. 

The accompanying diagram illastratea the arrangement of ihe app«i> 
atus used in a car. As here shown, an intermittent current is induc- 
tively thrown upon the lino 
during the depression of key 
AT When the key is closed, 
primary circuit tJ, 7, 8, 9 of 
an induction coil, including 
battery B, is first cloaed, and 
thereupon is rapidly opened 
and closed bv an automatic 
vibrator, consisting in part of 
an armature, A, which nor- 
mally rests against back con- 
tact, n. The armature is first 
attracted, breaking the circuit; 
the iron core of the indnctioo 
coil is then demagnetized, per- 
Diigrim ihn-iBB in. Moihoit o( T.i.a..phini; i.am . mitting tbo armatuTO to return 
to contact n, and again to close 
the primary circuit. In this manner the forward and backward 
movement of armature A is effected. The secondary circuit of 
induction coil, which is wound upon the same core and insulal 
from the primary, is shown by wires 1, 2, 3, and, although normal]] 
open, is closed uiwn the depression oE the key at contact m, and 
made to connect the car-roof Jt with the earth through wheel Wt 
rail M, An induced current is set up within the secondary coil at each 
opening and each closing of the automatic vibrator, and as a result the 
car-roof is electrified, first above and then below the potential of ths 
earth with which it is connected, and in each case its condition is 
pressed by induction upon the wire at the roadside. In this mano< 
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TELEPnoyE jy a train TELEORAPU. 

intermittent currents arc thrown upon the line and are received upon a 
telephone at a liiatant atatiou by " buzzing sounds," as in the car. 
"When signals are not being sent from the car the transmitting key is 
not depressed, or is in its back position, and a receiving telephone in 
the car is placed in circuit between the roof and the earth. At stations 
ou the line the trauamitting apparatus is not unlike that already de- 
scribed, except that the secondary circuit o£ the induction coil is made 
a part oE the main line, while the telephone receiver is placed in 
the primary circuit of the induction coil. 

The train system of the Lehigh Valley Railroad is provided with a 




tiingle wire suspended upon a line of poles about sixteen feet above the 
rails and some ten feet from the double roadway, and hence about eight 
feet from the ears on one track, and twenty feet from those of tbe other; 
perfectly does the system act, at varying distances, that com- 
inication is quite possible even to a fourth track from the wire. While 
iny one of the large collection of wires usually built along a railroad 
may be used, it is preferable, as is done by the Lehigh Valley Coni- 
Rany, to employ a wire isolated from the others and carried by a sepa- 
rale pole line. The line, however, need not be wholly given over to 
train telegraphing, tor messages may simultaneously be tranamitted by 
the Morse system, thus duplexing the wire. 
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The outfit of an office \x\yo\\ n train uoiifiista essentially of a telegraph- 
key, with an JDiluctioo coil mounted upon a small iK^ai-d, which the 1 
o|jerator lioMs in his lap ; a telephone earned at his ear, and a hand-case 
containing a few small cells of battery. To equip a car, therefore, is 
only the work of a moment. One wire is passed through the bell-cord 




opening above the door and is attached by a clip to the end of the met 
roof, while a second is passed out of the window and fixed to a meta 
part of the car-truck. The instruments are then properly arranged iif 
circuit between the roof and the earth, and the operattsr ia prepared 1 
send or receive messages. As all passenger cars have long been roofed 
with tin, the only necessary outlay is a few cents for clips where 
attach the wire to the roof and to the truck. 
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In 1881 William Wiley Smith, of IndiaQO, proposed to communi- 
cate between moving cars and a stationary wire by induction ; but he 
. appears to have thought this practicable only at small distances. The 
^mourkable possibilities of long-distance transmission by induction seem 
to have been discovered by T, A. Ediaon arid L. J, Phelps, who, aided 
by othera, have added improvements adapting it to every requirement 
of a commercially successful telegraph system. 

The tmin-tel^raph of theCousoiidated Railway Telegraph Company, 
which baP just been described, is nuw used upon more than two hun- 
dred miles of the Lehigh Valley Railroad, and although it has not 
found wider use, it deserves, as a scientific achievement, a high place 
among electrical improvements of the last ten years. It certainly would 
seem to be of great value in operating trains, for it oSers a means 
whereby a despatcher may instantly communicate with every train 
under his supervision. 

The inductive method of transmission employed in train-tel^raphy 
lias already Ikjcd suggested as one way of telegraphing over considerable 
distances without the aid of a wire. It is said that Edison has suc- 
ceeded in obtaining intelligible signals between apparatus ])laced upon 
B five hundred and forty feetajiart, and it is now confidently asserted 
i"that messages may be telegraphed from a wire along the Hudson River 
1 to steamers plying between New York and Albany. It is claimed by 
IfiMr. I* J. Phelps that by employing a receiving -coil consisting of a wire 
Biwound several times araund the steamer, one of the early forms employed 
Bin the traiu-leltgrapb, no difficulty would be experienced in t 
Beating with boats running within fiv 
Blhat eucli communication would be p 
ItboDBand feet. Obviously, by this 
B:placed in communication. 

Telegrapiiing between points not connected by a line is also accom- 
Iplished by diffusion. If an electrical current is sent over a tel^raph- 
■line connected with the earth at both extremities, it will return thrc 
[the earth from oue extremity to the other. In returning, tH" 



I hundred feet of the shore; and 

)ssible even over a distance of two 

method, ships not Jar apart may be 
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will not follow a narrow, straight line, but will be diEEuaed ; and altbougb 
the larger part will return by the easiest and shortest path, enough to 
actuate a telegraphic apparatus may flow back by way of a distant 
parallel wire. Two wires, one along the shore of the Isle of Wight, and 
the other along the shore of the channel, in Hampshire, were thus ] 




employed ; and although the width of the channel is six miles at od»I 
end, and one and one-fourth mile at the other, harmonic signals like! 
those used in the train-telegraph, sent on one wire, were distinctly I 
reproduced upon the other, telegraphic communication across the chaa-T 
nel being thereby established. Professor A. G. Bell succeeded in tel»>J 
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nphing in this manner more ihan a mile between l)oats on the Potomac 

ivcr. 

Respecting tlic action of diffusion, it should be noted that the battery 

B telegraph-line, when ttje latter is closed, tenda at one end of the 

I to raise the electrical potential of the earth, and at the other to 

If aa OQ^ne in a long tunnel were pumping air through the 

ainel, bringing it in at one end, and forcing it out at the other, a 

iD^meter would show higher pressure at the point of egrcaa than at the 

Mnt of entrance, and, as a consequence, currents of air would tend to 

' back to the entrance through the outer atmosphere, covering in 

sir return u wide tract of country. If aUch an operation should be 

oarried on in a tuunel extending from New York to Chicago, it ia not 

(f) lie prf-Hiinied that wiodmllls in Kentucky would be much diatm-bed, 

^^rithough in theory such a tendency would exist 

^^B Had the promoters of the telegraph foreseen the extent of its subae- 
qoeut improvement., they would then have considered its perfection as 
substantially assured. But the motleiu telegraph doubtless seems to ns 
3 farther from perfection than did Morse's system appear to him 
1 be had first succeeded in working from Washington to Baltimore. 
t-tfie telegraph might now have almost unlimited speed if diffieultiea 
Icb bavQ become appsireut in the course of its development could be 
■follr removed. 
l'Thl^oupacily of an Atlantic cable bos been advanced from ten to 
C woMfl a minute ; but valuable as are the immediate results of this 
Bievement, they have served the better purpose of making clear that 
f the impediment of static induction could be eliminated, transmission 
\ five hundred words a minute would be equally possible. Stearns's 
jovory doubled the capacity of every long line in the world, and 
B possible the quadmplex. Yet hia improvement was more valua- 
in other ways ; tor when it had been widely adopted the phenom- 
DD of static induc^on was brought tinder the daily observation and 
utiuy of faaadreda of intelligent men in a manner to insure its 
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removal, if possible. From Stearns's invention it became a matter of 
common information that all along a line, with each signal transmitted, 
the electrical conditions of a thunder-cloud are feebly reproduced. For 
illustration, we may assume that from the wire hangs an invisible elec- 
trical cloud from which, if the tension of its charge were sufficiently 
increased, lightning flashes would burst forth through the air to the 
earth. 

Perhaps static retardation and the absorption of current in electrify- 
ing the surrounding air along the line are as inseparably connected with 
telegraphic transmission as is friction with machinery, and a solution of 
the problem may be an impossibility. But the expedients of raising 
the line on poles high above the earth, and of dividing a long circuit by 
repeaters, show at least two methods by which the difficulty may be 
modified, if it cannot be overcome, and encourage us to hope that better 
means mav be found. It is certain that fame and fortune await him 
who shall solve the mystery. 
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By HERBERT LAWS WEBB. 

BLD's SL'BMAKISK TELEGKArB SVSTEJl — TWO Hu.NDRED MILLIONS OF CiPITAL 

I IxvBaTKD — The Qheat Cable Fleet — Uniijub Lii'e o.f a Cable Ship — A Ttpicjl 
' TovAOE — How THE Cable IS Made — TuE Test fob Leakage — Sripmbst of the 
[ Cable— In the Tank — Tub P reparation a Co>rLi."i)Ei> — Sailinr Awav — An 

BESTIHO BODV OF MeS— EnOIKEERS AT WoBK — LaNDINO THE 8hORB EnD — 

A Cable Hut — Paying Out — Is the Testiso-boom — Scene on Deck — Buot- 
9 THB EsD AT Sua— Os the Wat to the Casaetbs— Ak Oceah Survev— The 
SouNBiNo Mach IS a— Discovery of a Submahike Mouiitaim— Becbptiosi at Las 
Paluas — A Spucb — A Double Disastea — GKAppLuia for a lioaT End — Tbk 
Fmisubu VFork, 

IN these daja of rapid development in new fields of electrical scienoe 
and their commercial application, it is easy to overlook the niagni* 
tade of the work accomplished in the laying of deep-sea cables. 
According to the latest report of the Tnternational Bureau of Telegraph 
Administrations, thesulimariDe telegraph system of the world 'consists 
of 120,070 nautical miles of cable. Government administrations own 
12.524 miles, while 107,546 are the property of private companies. 
The total cost of these cables is in the neighborhood of two hundred 
million dollars. The largest owner of eubmarine cables is the Eastern 
Telegraph Company, whose system covers the ground from England to 
India, and comprises 21,860 miles of cable. The Eastern Extension, 
which exploits the far East, has 12,958 miles more. Early in last year 
B systera of West African cables, which started from Cadiz only six 
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yeara ago, was completeti to Cape Town, so that the dark continent is 
now completely encircled by submarine tel^raph, touching at numer- 
ous points along the coast. More than 17,000 miles of cable have been 
required to do this, ami several companies, with more or less aid from 
the British, French, Spanish, and Portuguese governments, have par- 
ticipated in carrying out the work. 

The North Atlantic is crossed by no less than eleven cables, all laid 
since 1870, though I think not all arc working at the present time; 
five companies are eng^ed in forwai-ding telegrams lietween Nordil 
America and Europe, and the total length of the cables owned by them,.! 
including coast connections, is over 80,000 nautical miles. 

The cable fleet of the world numbers thirty-seven veaaels, of an J 
aggregate gross tonnage of about 54.600 tons. Ten ships belong to tbe J 
construction companies, their aggregate gross tonnage l>eing about half 'I 
that of the entire fleet ; the other twenty-seven are repair ing-8teanier« ' 
belonging to the different government and telegraph companies; the7 
are stationed in ports all over the world, keeping a watchful eye on the 
condition of its submarine nerves, and doctoring them up whenever 
they need attention. The Silverlown and the Faradaij head the lifit of 
cable ships in point of size, the former being 4,935 tons, and the latter 
4,916 tons; while the Scotia (an old Cunarder) is a close third with 
4,667. The Faraday has laid aeveml of the Atlantic cables, and the J 
S'dvertown has done a great deal of work on both coasts of Soadijj 
America and on the west coast of Africa. This ship has exceptional! 
capacity for carrying cable, her main tank being fifty-three feet in j 
diameter and thirty feet deep, large enough to stow a good-sized house 1 
in. On one expedition she carried 2,370 knots of cable, weighing 4,8811 
tons, the whole length being coiled on board in 22 days, or at the rattt J 
of over 100 knots a day. Better still, she laid the whole length with* 
out a single hitch, much of it being paid out at the high speed of i 
knots an hour. 

Among the repairing ships the beat known ia the Mtnia, the Anglo- I 
American Telegraph Company's steamer, which patrols the NortI 
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Atlantic, keepiDg the maay ramifications of eubmarine cables wbicb 
radiate from the XewfouDdland and Canadiaa coasts in workiDg order. 

The life uD one of these cable vessels is unique and most interesting, 
combining the adventures of vovaging with operations demanding the 
bigbest scieutific skiil and knowledge, and with the most ingenious 
mechanical work. The men brought together are, of course, of widely 
varied experience and accomplishments, each in bis way an espert in 
some branch of electrical or mechanical engineering. It was the 
writers good fortune, in 18S3, to be connected with the technical staff 
of such a vessel — the cable ship Ikdmaim — and he hopes that tbia nar- 
rative of his experiences will give a pleasant insight into the work of 
constructing the costliest and most wonderful half of Puck's girdle 
round the world. 

In the summer of that year the Spanish Government decided to 
establish telegraphic communication lietween the group of Atlantic 
islands known as the Canary I.'lands, and the Spanish Peninsula, by 
means of a submarine cable, and also to comiect rarioua of the princi- 
pal islands of the group with each other by the same method. This 
important work was entrusted to a leading English cable manufacturing 
I company with a very long name, commonly called for short, "The 
Argentville Company," from the name of the place where the com- 
pany's works are situated. It was for the purpose of laying these 
cables that the Dalmatia and ChsmojioUJati made ihe voyage which I 
shall describe. 



Let us first see what a submarine cable is, and how it is made. To 
do this a visit must be made to the enormous factory on the banks of 
the Thames, a few miles below London. Here the birth of the cable 
may be traced through shop after shop, machine after machlna The 
foundation of all is the conductor, a strand oC seven fine copper wires. 
I This slender copper cord ia first iiauled through a mass of sticky, black 
I compound, which causes the thin coating of gutta-percha applied by the 
next machine to adhere to it perfectly, and prevents the retention of any 
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bubbles of air in the interstices between the strands, op between the 
conductor and the gutta-jiercha envelope. One envelope is notsuOicient, 
however, but the full thickness of insulating material has to be attaineii 
by four more alternate coatings of sticky compouml and plastic gutt 
percha. The conductor is now insulated, and has developed into " cort' 
Before going any further the core is coiled into tanks filled with wate 
and tested in order to ascertain whether it is electrically perfect, i.e., 1 
there is no undue leakage of electricity through the gutta-percha iosv 
lating envelope. 

These tests are made from the testing-room, replete with beautiful a 
elaborate apparatus,* by which measurements finer and i 
than those even of the most delicate chemical balance may be mai 
Every foot of core is l«sted with these instruments, both before i 
after being made up into cable, and careful records are preservetl of cb 
results. 

After the core has been all tested and passed, the manufacture < 
the cable goes on. The core travels through another set of machine 
which first wrap it with a thick serving of tarred jute, and then with 
compact armoring of iron or steel wires, of varying thickness accm 
ing to the depth o( water in which the cable is intended to be lai( 
Above the armoring, in order to preserve the iron from rust as loi^ i 
possible, is applied a covering of stout canvas tape thoroughly impre 
nated with a pitch-like compound, and sometimes the iron wires con 
posing the armor are separately covered with Russian hemp as • 
additional preservative against corrosion. 

The completed coble is code*.! into large circular store-tanks, whei 
it is kept for some time submergetl in water and again subjected to • 
exhaustive series of electrical tests. These tests form, so to speak, tli 
baptismal record of the cable; by them it is ascertained whether tli 
specifications have been complied with in respect to the maximum col 
ductor resistance and the minimum insulation resistance which the caU 
* A set ot testing inetrumEnts loi subumrinG cable-work, somewhat less 
\axi used in a ckblc taialoty, is ilhistrated en page I6S. 
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bave; in ofher words, whether the limits set by tlie purcEi 
tbe cable oa the amount of resistance in the conductor to the flow of tl 
CQirent, and the amount of leakage through the insulating envelop* 
bave been exceeded or not. 

The shipment of the cable next claims attention. The cable-steamef" 
is lying at her moorings some distance out in the river, taking in her 
priceless cargo; and it is safe to say that the loading o( no other ship 
presents such a curious and interesting scene. The cable is undulating 
in the air like an enormous eel as it emerges from the factory on the 
river-bank and travels over guides mountet! on tall floating frames until 
it reaches the ship's side, over which it glides and immeditaely dives 
down into the dark recesses of the hold, where a gang of men are busy 
coiling it away, at the rate of four or five miles an hour, into one of the^ 
four iron tanks with which the ship is provided. I 

On board the ship there is a scene of confusion. The deck is strewn 
with packing-cases galore; stores of every description, some for use on 
board, others comprising complete equipments — from heavy furniture 
down to buckets and brooms — for the tel^raph stations which tbft^ 
cable is presently to call into existence, coils of wire, huge spools o^ 
drums of undei^roiind cable (similar to those which have lately Itecome 
familiar objects on the streets to every New-Yorker), to connect the 
landing-places of the submarine line with the town offices, galvanized 
iron cable-huts to he erected for the reception of shore-ends and instm« 
ments at these landing-places, tools of every description, huge i 
bnoys, coils of rope and heavy chain, grappling-irons and mushrootDSl 
anchors, cases of inatrumenta, and formidable-looking trays of electrim 
batteries ; all these myriad objects — many of them labelled with quet 
sounding Spanish names indicating their ultimate destination — sui^ 
round one on all sides, as the work goes on of taking them on board 
and stowing them awny in their proper places, there to remain untlfl 
tbe hour arrives when they shall be called into action or unloaded inf 
distant pons, to undei^o stem and critical examination at tbe hands <; 




178 THE MAKING AND LATINO OF A CABLE. 

grave and dignified, or perhaps fussy and exacting, Iberian custom- 

house official a 

The cable — which, after all, ia the principal character in this varied 
scene — is being dragged on board by steam machinery in a sluggish, 
hesilatiog sort of manner. Perhaps it is being coiled away into ODCof 
the tanks somewhat distant from the engine which ia hauling it on 
board; in which case it is guided to the hatchway above the tank by 
means of grooved pulleys and long wooden troughs provided with U«le 
iron rollers, over which it rattles and whirs merrily. 

In order to see the most important passenger that the ship is W 
carry installed in the depths of the dark, capacious state-room provided 
(or its accommodation, it is necessary to take a peep between decks, and 
find one's way to " tauk square," as the square opening on the main d«li 
above the tank ia called. Arrived at the tank in action, and standing at 
its edge, one can peer down into the gloomy depths ; overhead a laice 
grooved wheel, fixed above the centre of the tank, guides the cable so 
that it hangs clear and in a position to be easily manipulated by the 
gang of men, who gradually appear visible below as one becomes accus- 
tomed to the dim light shed by a few ship's lanterns hung around the 
sides of the tank. In the centre of the tank is a large iron truncaled 
cone, which forma the eye of the coil of cable, and which, being hollow. 
also serves as a receptacle for perishable stores or fresh water for the 
consumption of the ship's company. The cable is arranged in flat coik 
occupying the whole space between the cone and the side of the 
each coil is technically known as a "flake." In order to prevent o1 
turn of the cable adhering to either of its neighbors, and thus producing 
a "foul," or a skein of several turns of cable coming up together when 
paying out, the cable is freely treated with whitewash to counteract the 
natural stickiness of the pitch-like exterior compound; as an additii 
precautioD, boards are placed at intervals over each completed flal 
thus obviating the risk of a "foul flake." 

The wbole scene, to an unaccustomed observer, possesses a weird, 
oncanny air ; the gloomy cavernous tank, the lithe black cable, writhing, 



mm 



TEE SAILING OF THE EXPEDITION. I79 

and swisbiag around with a ceaseless serpeatine motion, the ghostlj 
figures of the men, who, viewed by the dim and fitful yellow light 
below, seem like creatures of another world ; and to heighten the un- 
earthly effect, a sort of gruff itmantation, echoing and reverberating as 
it ascends from the gigantic caldron, assails the ear and accentuates the 
general resemblance to some seance of the black arts ou a large scale ; 
until, by listening intently, the mysterious notes are found to resolve 
themaelvea into a chorus in vogue with sailors all the world over, but 
peculiarly appropriate among suck surroundings. 

" Heigbo 1 Roll the man down 1 " 

'■ Heigho ! Roll the man down ! '■ 

" Give a man time lo roll the nun down t " 

The ships were loaded, the cahle was all coiled snugly down in the- 
tanks, batteries, instnimenta, and stores were all stowed away, and on 
the date appointed tor sailing, which turned out to be a glorious" 
September day, we sped through the green fields of "the garden of 
England," down to Greenhithe, where the two ships composing the' 
expedition were lying at anchor, only awaiting the final operation of 
"swinging ship," and the arrival of the numerous staff of engineers and' 
electricians, who generally join the ships at the last moment Our' 
train dischai^ed quite a number of fellow- voyagers, some of them' 
accompanied by their friends, A turn of the road brought the river in 
view, and right before us were the two good ships in which our priuci- 
pal interests were to centre for the next few weeks. They were looking 
their very best; yards squared, rigging taut and trim, bunting flying' 
guyly in the autumn breeze; the blue peter at the fore, a few whiffs of 
steam escaping from the waste-pipe, and a thin haze of smoke ascending 
from the smoke-stacks, indicated that all was in readiness for departura 
At the landing-stage we found the ship's gig awaiting us, aod in a few 
moments we were standing on the deck of the Dalmatia^ the flag-ship 
of the expedition, as indicated by the swallow-tailed house-flag flying 
at the main, which signified that we carried the commodore of the 
squadron, in the person of the engineer-iu-chief of the expedition. 
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The ship was iu spick and span order, the deck clean and white, 
brass-work shining like gold, ropes coiled neatlj awaj, wood and iron 
redolent of fresh paint and varnish ; and were it not for the absence uf 
guns and the very evident presence of the cable machinery which 
all sides arrests the attention, we might have fancied ourselves on boaid 
some man-o'-war commanded by a strict martinet 

The operation of "swinging ship" was concluded, the boats 
hoisted up to the davits, the accommodation-ladder hauled up and last 
securely to the rigging ; the steam-winch was working heavily, and 
a few minutes the anchor was weighed and we were steaming down 
river. When we had the ship to ourselves, all the visitors havina 
departed, the first thing to be done was to make a tour of inspection 
and gain some insight into the functions of the masses of heavj 
machinery which occupied the greater part of the deck from stem to 
stern. Starting from the bow we first observed the "bow sheave," a 
large iron pulley, deeply grooved, which projects out over the cutwater 
and serves to guide the cable in-board when the ship is engaged in 
" picking-up," a term which explains itself. The next prominent object 
was the dynamometer, a large iron sheave or pulley mounted on & 
frame, arranged so as to slide up and down, with a range of several feet, 
in a tall iron support; the wheel being balauced by weights, when the 
cable or grappling-rope is passed underneath, it indicates, by means of 
a pointer which passes iu front of a graduated scale on the face of the 
iron support, the strain upon the rope or cabla Nest we inspected the 
picking-up gear, consisting of a huge iron drum some six feet in diam- 
eter, worked by a powerful horizontal engine. Passing aft, we came to 
the paying-out gear, almost a replica of what we had already seen, 
except that the engines connected with the paying-out drum were of a 
lighter type than those forward, and that there were more appliances 
for holding the cable when it should be necessary, for any reason, to 
atop paying out 

The life on board a cable-ship is, as I have said, a thing of 
diEEering widely from that of any other of the floating homes which 
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all moments are plougLiug the seas. This we soon found out as we 
commenced to settle down and become familiar witli our surroundings. 
We were not on board a passenger steamer, because there were no 
passengerB of either sex ; neither were we on a man-o'-war — we bad no 
big gnns and do stern Jisciplina This latter element, however, was 




t entirely absent on the Dalmaikt ; every man on board bad a certain 
Bition and certaiD work to do, and all the members of the staff wore 
^Imiforras similar to those of the ship's officers, the rank of each one 
being denoted by the number of stripes on his sleeve. The engineer-in- 
chief was the head of the whole expedition, and had entire charge of all 
J operations, and the ships were navigated according to his instruc- 
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menta and stores, and other kiodred questions, were gone through. 
Some difficiiltjf was also fouud in selecting a suitable landing-place (or 
the cable. Cadiz is surrounded by rocks, and also by currenta Rocks 
are undesirable in the vicinity of a cable under any circutqstauces, but 
rocka and currents corabine<l arouse a feeling of unconquerable horror ■ 
and aversion in the mind of an experienced cable engineer. Finally, one 
afternoon, when we Lad been at anchor in Cadiz Bay some three or four 
daya. orders were given for both ships to weigh anchor, and we found 
that it had been decided to land the shore-and on a sandy beach at the 
far side of the bay, near Puerto Santa Maria; the connection witt ■ 
Cadiz town to be afterward made by means of a siiort cable skirting the • 
anchorage in the bay. Thus the main cable would be safe from damage 
by rocks and currents, or by ships' anchors, and if the bay cable should 
be broken at any time by either of these causes, communication could 
always be maintained from the landing- place in the main lina 

We steamed off ami anchored as near in-ahore as we could get, 
opposite the spot intended for the landing-placa All was now activity 
on board. No sofmer were we at anchor than a couple of boats were 
despatched for the beach, with a party of men and the necessary tools 
and implements for use on shora On board, both pickiog-up and paj^ 
ing-out gear were being made ready for action, as they both played' 
their part in landing the shore-end ; huge coils of rope and a numb< 
of 'collapsed air-balloons made their appearance from behiw. These I 
loons were inflated with air to their full diameter of some three or foui,^^ 
feet, and the quarter-deck of the Dalmatia began to assume the appeaiS 
ance of a giant's toy-shop. Meanwhile the shore party had firmly 
anchored to the beach two large " spider-aheaves," or skeleton iron pul- 
leys. These were placed some two or three hundred yards apart, fonHf. 
ing two angles of a parallelogram, of which the bow and stern sheaven 
of the ship made the other two. A rope was now carried from the stem 
of the ship to the shore, and, passing round both spider-sheaves, brought. 
back to the ship and taken over the bow sheave to the pieking-up gear., 
The cable was made fast to the rope and paid out slowly over th^ 
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stem, the ptckiDg-u|j gear meanwhile heaving-in on the other end of the 
rope, and bo hauling the cable gradually ashor& The rope was wound 
four or five times round the big drum of the piobing-up gear, steam was 
turned on, and the drum, rumbling and reverberating, hauled the rope 
in; aft, the cable was wound four or five times round the pajing-ont 
drum, also revolved by ateara in order to ease the strain, which, with 
about a mile of rope out between the ship's stern and her bow, is somo- 
ihing considerable. As the cable leaves the stem, the raison d'etre of 
the air-balloons becomes apparent At intervals of about fifteen or six- 
teen yards one is securely lashed to the cable, and in this way the cable 
is floated from the ship to the shore, and not dragged along the bottom 
to run the risk of being damaged by rocks. Another advantage is that, 
if the cable is sagged by a cross current or tide, it can readily be 
straightened by stopping the paying-out, and heaving-in at the bows. 

So far ail had gone swimmingly, and our first bit of cable was 
over the stern and fairly in the water, and we felt that the work of the 
expedition was begun in earnest 

However, interruption came from an unexpected quarter. The 
Spanish littoral is dotted around with coast-guard stations, the special 
mission of whose occupants {who are called carabineros) is the prevention 
of smuggling. We had no permission to land tools of any sort, much 
less a cable, and as we happened to pitch upon a spot close to a coast- 
guard station, the carabineros, alarmed at the sight of so many strange 
implements, came off in hot haste to order us to put a stop to our 
unlawful proceedings. It was explained to them that the cable was tor 
the Spanish Government, and that everything had been arranged with 
the authorities in Cadiz; but they were obdurate, and, having received 
no instructions, were bent upon vindicating their authority. Your true 
Spanish official is nothing if he is not dictatorial, and the lower his rank 
the more authoritative he becomes. Diplomacy was then resorted to, 
and proved successful. The carabineros were assured that their demands 
should be complied with, and one of our best Spanish scholars was de- 
puted to show them over the ship, down below. While they ^ 
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thus entertained (the contents of the chief -steward's bar formed no unat- 
tractive feature of the eutertaiiunent, and served io prolong it conaider- 
abij), operations were continued, and by the time the carabineros came 
on deck again, a long line of balloons could be seen l>obbing gaylj ou. 
the water, all the way from the ship to the shore, aod the end of the 
cable was safelj on the beach. During the operation of landing the 
shore-end, communication was maintained between the party on shore 
and those on board by means of flag-signalling, a smali hand-ilag being 
employed to send messages in the Morse code. As soon as there 
enough cable on the beach to reach to the site selected for the cable-hut, 
" Enough cable on shore," was signalled to the ship, and paying-out 
was at once stopped. The long rope was detached from the cable and 
rapidly hauletl on board by the picking-up gear, boats were despatched 
to remove the balioon buoys from the cable and bring them back to the 
ship, while the shore party busied themselves in burying the cable on 
the beach and collecting the tools. 

By this time it was nearly dark and flag-signalling had to be ex- 
changed for flash-lamps, by which the Dalmaiia signalled to the shore 
party to take all gear to the Cosmopolitan, as she was at>out to start 
paying-out seaward. All being made fast on shore and the last 
balloon buoy having been removed, we weighed anchor and set on 
slowly toward the open sea. 

The cable now needed no steam jxiwer to help it out of the ship 
on the contrary, it ran out freely of its own accord, and it was necessary 
to apply the brakes to the paying-out drum to prevent the cable run- 
ning out too fast. It was astonishing to see the great, heavy, iron-bound 
cable, a single yard of which would weigh over ten pounds, come si 
ing round the tank, up on deck and over pulleys and guides, lake four 
or five turns round a drum six feet in diameter, bob under the dyna^ 
mometer, apd up over the stem-sheave, and finally dive into the water 
with all the ease, grace, and pliability with which a silken cord might 
go through the same performanca 

One striking thing in cable operations is the hearty will -witlij 
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which every one worka, and the extreme anxiety evidenced on all sides 
for the welfare and safety of the cable. I have seen the engic 
chief, during the landing of a ahore-end, up to his waist in the surf, 
cutting the lashings whicb secure the balloon bnoya to the cable; and 
on another occasion, when, the ship being hove-to, the cable had got 
foul of the propeller, the chief of the expedition, after passing word to 
the ship's engineers not to move the engines, took a header into the 
water, and, holding on to a blade of the propeller, succeeded in freeing 
the cable, to the great relief of everybody on board, as all efforts from 
above had failed to dislodge it and a rupture seemed unavoidable. 

During paying-out a test is always kept on the cable from the elec- 
tricians' headquarters, the testing-room. Before the cable left the ship 
the end was carefully sealed by softening the gutta-percha and drawing 
it over the copper conductor ; the cable was then charged with an elec- 
tric current through the end on board, the current also passing through 
the galvanometer. We paid a visit to the testing-room and found by 
the steady deflection of the spot of light on the scale that the cable was 
sound and perfect. 

The scene on deck is novel and interesting. The quarter-deck is 
brilliantly illuminated by electric light, which tbrows the mass of mov- 
ing machinery and the figures of the men into Ixjid relief; the big drum 
rurablea, and the pulleys and sheaves whir as the cable swishas over 
them, scattering whitewash in all directions. Every now and then a 
I voice rings out announcing the number of revolutions of the drum, or 
1 word is passed up from the tank, couched in strange terms which we 
1 are only just h^inning to understand We have been paying-out for 
I iibout two hours, when warning conies from the tank that only forty- 
five turns remain of the piece of cable which it was decided to pay out; 
I the ship's engines are slowed down, and a few minutes later stopped 
I altogether. A huge red iron buoy is in readiness, lashed to the mizzen 
rigging; paying-out is stopped and the cable made fast close to the 
Btern sheave, the turns are taken off the drum, the cable is cut, and the 
' extremity of the core sealed ; the cable end is then secured to the moor- 
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ings of ite boo_v, which coosist of two heavv musbrooni-aiichoiv 
attached to the baoy bv a length of stout iron chain. The lashi 
which hold the cable at the 
ftheave are tbeo removed, and tht^. 
cable end is dropped overboard 
with the buoy-moorings ; thechain 
raltlee out with an appalling noise^ 
above which a stentorian *'Lefc 
go I " is heard, whereupon tbe 
buoy is released, and, dropping 
with a splash into the water, 
floats gayly oflf, dancing in th»; 
rays of the electric light. There; 
the buoy will remain, securely 
anchored by its moorings, until 
the Dalmatia returns from the 
Canaries paying-out the mai 
cable ; the end of the piece we have just buoyed will then be brought 
on board and spliced on to the main cable, thus making it coin« 
pleta 

Ae we s( .^ 'nil speed for our anchorage every one on board felt 
that the work of luc expedition had been successfully begun. An air 
of contentment prevailed on all sides ; at dinner the health o( the cable 
was drunk with due solemnity, and afterward an impromptu smoking< 
concert was held on deck. 

On the following day. our business at Cadiz having been completed 
for the present, the expedition put to sea en route for the Canaries 
The Oosmopolitan steamed out first, saluting the Dalmatia as she passed 
by dipping her ensign, to which we responded with three cheers, and 
few hours later we followed suit 

The programme to be carried out by the two vessels was as follows; 

The Cosmopolitan was to make a zigzag course to the Canaries, takiug- 

tort slants east and west of the proposed route of the cable, and 
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Bounding at intervals ; the DaJmaHa was to proceed in the same maDser, 
except that her zigzags were to be longer and at a different angle to 
those of the Oosmopolilan. In this way it was hoped that a thorough 
survey would be made of the ocean depths between Cadiz and the 
Canaries, and a safe route selected for the cable At Cadiz, our scien- 
tific staff had been augmented by the arrival on board of a distinguished 
chemist and naturaUst, who accompanied the famous ChaHmujer expe- 
dition, and who, therefore, was an authority on the subject of ocean 
BurveyB, and took a vast interest in all such matters. This gentleman 
was prepared to analyze and tell us all about the constitution and 
properties of as many samples of " bottfjm " as we could obtain for him, 
I and he has since proiluced some remarkably interesting papers of high 
p«eientific value, embodying t!ie results of the immense amount of work 
Krformed by the expedition. 

By the time we got clear of Cadiz harbor the Coamopolilan was 
f*hull down," and we saw no more of her till we met in Grand Canary. 
[Che course of the Dnlmatia was shaped for the Straits of Gibraltar, and 
lou after leaving Cadiz we took our first sounding. The little machine 
prliich then came into action, and played a prominent part in the work 
[ the next few weeks, is worthy of a little attention, \<nxh. on account 
alicity and because of the amount of gof"' . that it per- 

I in a rapid and trustworthy maimer. The sounding machine 
xtnsisU mainly of a light iron drum or spool, u[>on which are wound 
weral thousand fathoms of steel pianoforte wire; to the wire is 
[ s sinker which ia provided with a receptacle at the lower 
^ f or securing a specimen of the bottom. "When the wire is 
l^paid out the drum projects over the ship's stem, and for hauling 
II it is run in-board a few feet and connected to a small steam engine, 
which makes short work of winding up the wire and bringing the 
'sinker to the surface. Besides the ordinary sinker there is a whole 
battery of other apparatus, such as sinkers with weights which are 
_ detached automatically on reaching the bottom, leaving only the tube 
: brought up; thermometers which register the temperature of t 
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water at differeut depths ; tubes constructed to obtain samples of -v 
from the bottom, and so on ad infinitum. 

Our first piece of scientific work was a survey of the " Gut," as th( 
entrance to the Straits of Gibraltar is commonly called by mariners 
This was slightly out of our strict programme, but served to get ( 
hands in for more important o[>erations to follow. 

Having spent nearly three days in this interesting work, durini 
which time we obtained a quantity of new and valuable information a 




to the formation of the bank at the entrance h:< the Mediterranean, 
started out seaward, and rapidly got into deep water. Here the sound*! 
ing machine showed to great advantage. In olden times, when hempT 
lines were used for sounding, it was necessary to employ a weight < 
about four hundred and fifty pounils to keep the line vertical, 
about three hours were occupied in taking a sounding in a depth < 
two thousand fathoms. With steel wire we used a sinker of only fift 
Wunds, which in twenty-two minutes reached bottom at a depth of j 
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little over two thousand fathoms ; there was a delay of a few minutes 
. in detaching the weight and in connecting the drum to the engine to 
^nriod in. The weight was detached automatically, the wire hy which 
Vn was suspended to the lube being cut through by a hinged knife on 
the head of the tube at the moment when strain waa applied to wind 
in ; the weight was thus left on the bottom and the tube alone brought 
to the surfaca In this way there is very little strain on the wire, and 
consequently but slight risk o£ breakage. The little engine com- 
menced to buzz away, and in forty-eight minutee from the time of 
letting go the tube was on board again, and the ship proceeded on her 
course. We all crowded round to examine the little instrument which 
bad made ila venturesome descent through some two and a hall miles of 
blue water. General satisfactioa was caused by t!ie fact that the speci- 
men obtained waa one oi- globujerina ooze, which coosists of myriads of 
tiny shells of carbonate of lima The existence of this ooze denotes 
the entire absence of currents, and tiie ooze itself forms a soft, yielding 
^bed into which the cable would sink luxuriously, and might rest undis- 
HBrbed to the end of time. 

^^r About every four hours we stopped to take a bounding, aod the 
^BBoItfi were almost iuvariably satisfactory. Occasionally a sounding 
^Kras spoiled by the wire kinking and breaking, the consequence being 
V^ibe lo83 of the tube and a certain amount of wire ; but so cnrefullj- were 
the operations conducted that this was a very rare occurrence. Deep- 
sea sounding is very interesting work, but it ia a trifle annoying some- 
times in hear the engine-room gong sound, and have to leave a good 
hand at cards and rush up on deck, e9]iecially if the weather is rough, 
when the whole sounding party stands a chance of getting a good drench- 
ing from a " poop sea." 

One night we were astonished by the sinker stopping at about one 
thousand two hundred fathoms, when it ought to have gone nearly twice 
as deep. It waa at once suspected that we were in ihe neighborhootl ot a 
bank. A sounding waa taken three miles further on and showed deeper 
water, so we retraced our course eight miles ; here we got onlv eight 
18 
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hundred fathoms. Expectancy then ran high, aud it was fully Justin 
when, two miles further back, the sinker stopped at four hundred i 
fourteen fathoms; but the crowuing event occurred at the next < 
after another run of two miles. Here, to our surprise and delight, Xh9\ 
sinker brought up at sixty-six fathoms I There was immense excitfr 
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ment on board, as it was obvious that we had pitched upon a bank, or 
rather a mountain, of startling proportions, perhaps the lost island of 
Atlantis itself. As this submarine mountain lay close to the proposed 
line of the cable, it was necessary to make a thorough survey, and two 
days were speot in doing this, A mark-buoy was put down to work 
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by, aad numerous soundings were taken in all directions so as to clearly 
define tbe limits of llie bank. The sboaleat water found was forty-nine 
fathoms, and Lalf a mile distant two hundred and thirty fathoms were 
obtained, showing a steep ?lope. When the buoy, which was moored in 
one hundred and seventy-five fathoms, was taken up, the mooring rope 
waa found to be nearly chafed through seventy-five fathoms from the 
bottom. This showed that the bank must rise almost precipitously, and 
that there exists a wall of aliout four hundred and fifty feet in height 
A verj- curious effect observed was a long ripple on the calm sea, 
apparently caused by the ground-swell breaking on the edge of the 
bank. 

Nothing further of an exciting nature happened during the sound- 
i nga, and after one more zigzag our course was shaped for Grand Canary, 
oar rcadezvous with the CosmopoUlan. The Cosmopolitan had made no 
such interesting tliscoveries as ha(.l fallen to our lot, and having been 
awaiting our arrival several days, those on board finally became alarmed 
at our delay and started out to look for the Dalmalia. We met tbe night 
before our ship waa due to arrive at Canary, and rockets being fired, the 
two steamers recognized each other, and a conversation was kept up by 
means of the steam-whistlefi, the Morse code adapting itself as well to 
this method of signalling aa to any of the many others in daily use. 

The following morning both ships were at anchor in the harbor of 
Las Palmas, the capital of Grand Canary. During the next week or 
two we visited the different islands, taking soundings between them and 
s[7ending a few days at each port Receptions were given on board to 
which the authorities and principal inhabitants were invited, and alt the 
wonders of the ships were explained to them. Everywhere the greatest 
enthusiasm was displayed, as the natives looked upon the establishment 
of telegraphic communication as n great step in putting them in touch 
with tbe civilized world. Pubhc rejoicings and fetes were the order of 
the day. At Las Palmas a ball was given to the officers and staff of 
the expedition, and {considering that we were in such an out-of-the-way 
place) we were fairly astonished at the scale of magniticence on wh> 
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the entertainment was carried ont, and at tbe dresses and jewels of 1 
ladies, while not a few members of the staEE were considerably smitte 
with the personal charms of their partners ; but, unfortunately, with I 
few exceptions, tbey could not exchange five words with tbem. 
Teneriffe the chiefs of the expedition were escorted through the stre 
by a band of music and an immense crowd, and at La Palma, the western 
island of the group, the ships were serenaded, the town was en fite and 
decorated with triumplial arches, and another ball was given. Alto- 
gether, we were the heroes of tbe day throughout the Canaries. 

It was decided to lay the cable between Teneriffe and La Palma fin 
and tbe necessary soundings having been taken, both ships steamd 
round Teneriffe one fine November evening, and came to anchor d 
Garacbico, a little village on tbe southwest coast of Teneriffe. Here | 
was proposed tc land the cable, tbe connection between Garacbico t 
Santa Cruz, the capital of Teneriffe, to be afterward made by a lat 
It DC across tbe island. 

At Garacbico we spent several days. The coast being barren I 
rocky, considerable difficulty was experienced in finding a suitablah 
ing-place for the sbore-end. Finally a spot was selected, and the e 
party signalled that tbey bad engaged a team of oxen to haul the b 
on shore, as tbe bad ground rendered it unaclvisable to employ 1 
usual method of working the whole operation from the ship. Kvery- 
thiug went well and the end was soon successfully landed, and all being 
made fast on shore, the Dalmalia paid out about a mile of cable H(fl 
ward ; then cut and buoyed tbe end in tbe same manner as at Cadiz. ^| 

The next few days were occupied in erecting tbe cable-hut (a smalt^ 
structure of galvanized iron about twelve feet square), in fitting up the 
testing instruments in tbe hut, and in transferring a few miles of heavy 
cable from the Cosmopolitan to tbe Dalmalia. Finally all operations | 
Garacbico were completed, and early one morning we started for 1 
buoy and picked it up, aud with it tbe end of the cable secured to 1 
bnoy moorings. The cable end was brought on board and spliced 1 
the cable in tbe tank from which it was intended to pay out. 
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splice is always an interesting operation to watcli. First the jointer and 
bis assistant go to work and nimbly and rapidly join and solder the 
ends of the copper conductor, and then cover it over with sticky black 
compound and gutta-percha sheet, producing a homogeneous joint but 
little larger than the machine-made core, and every bit as impervious to 
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the action of tlie water. The Ji.iint is tested by the electricians (o make 
sure that it Is sound and pei-fcct, and this being ascertained, the cable 
hands at once go to work on the splice ; and it ia surprising to oteerve 
how skilfully they manipulate the stiff iron wires, first c 

ing the core with its protective hemp covering, tha 
lor wires and butting them together, and Onallja^ 

■hole length of the splice a stout cord of spun yarnj 
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The splice was finished and we started payiug-out, slowly at fiRt, 
but with gradually increasing speed, until deep water was reached aaJ 
the light deep-sea cable went whizzing through the machinery at the 
rate of seven or eight knots an hour. Now we were at work in earnest 
One ot the engineering staff was in charge of the quarter-deck, keeping 
a watchful eye on the dynamometer and the indicator on the paying- 
out drum : by the former he knew the strain on the cable, and by the 
latter the amount of cable paid out ; of these data an assistant was con- 
tinually taking notes. In the testing-roora we found that a careta! 
watch was being kept or. the electrical conditions of the cable. The 
sensitive spot of light was doing its duty both here and in the cable-hut. 
and the electricians on shore exchanged signals every few minutes with 
those on the ship. Thus both the mechanical and electrical behaviorof 
the cable were continually uuder such scrupulous and accurate observa- 
tion that it was impossible for anything to go wrong without those in 
charge being at once aware of it The ship steamed steadily ahead and 
everything workefl as smoothly as clock-work ; coil after coil of the cable 
unwound from the tank, glided over pulleys and through troughs, wonnd 
around the swiftly revolving paying-out drum, dived under the wheel 
ot the dynamometer and over the stern sheave, and trailed away after 
the ship until, a good many yards astern, it silently dipped into the 
water to seek its final resting-place in the motionless depths. 

As darkness came on the arc lamp was lighted, and with the aid of 
its brilliant rays work was done as easily as during the day-time. 
Toward midnight we approached La Palma, and the CosmopoHlan 
steamed ahead to show us a good position for buoying the end, which 
operation was necessary, aa the La Palma shore-end had yet to be laid 
Gradually our speed was slowed down; the electrician on duty in the 
testing-room informed those in the hut at Garachico that we were about 
to cut the cable and buoy the end, and immediately afterward, as the 
ship had come to a standstill, the cable was made fast the turns ' 
taken of the paying-out drum, the executioner advanced with bis 
and severed the cable, the wounds to its centre nerve were healed up 
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means of a spiritr-lamp, it was fastened securely to the moorings of the 
buoy, and in a few minutes cable, moorings, and buoy were all over- 
board and we steamed off for port 

The next day the Cosmopdilan took up the work and met with Ul- 
luck, which proved to be only the commencenaent of a series of disas- 
ters. To b^in with, while the cable-hut and tools were being landed, 
one of the boats was capsized by the surf, the contents scattered broad- 
cast, and a man imprisoned under the overturned boat This unfortu- 
nate was, however, quickly rescued by his companions and equally 
quickly resuscitated, being more frightened than hurt The shore-end 
was Buceessfully landed, and, as night was coming on, the ChsmopoliUm 
started to pay out toward the buoy put down the previous night ; the 
buoy was picked up and the mooring-rope taken to the picking-up 
drura, which at once commenced to heave in; but after a few turns a 
sudden diminution of the strain on the rope showed that it had parted, 
and the end of the cable was lost! There was nothing to be done but 
buoy the end of the short length just paid out and retiu-n to port, as it 
waa too late to attempt to grapple for the !osC cable, 

For the next two or three days the weather was so bad that nothing 
Id be done; but finally, when everybody's patience was thoroughly 
;haust«d, wind and sea moderated sufficiently for us to set to work, 
grapnel was lowered over the bows by means of a long rope, the end 
bf which was taken under the dynamometer to the picking-up drum. 
The dynamometer serves in this case to show when the grappling-iron 
hooks the cable, as it at once indicates the increased strain on the rope, 
'e steamed slowly bock and forth across the course of the cable, and 
nde four or five unsuccessful drags. Once we hooked the cable, but 
only succeeded in bringing up a loose piece, as it parted further sea- 
wanl The scene on board now is very different to a few days back, 
when paying-out was going on so smoothly. All the machinery on the 
quarter-deck is motionless and deserted ; in the testing-room the active 
little spot of ]ight is extinguished and the place wears an untenanted 
interest is concentrated forward, where the engineers watch every 
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rise and fall of the pointer on tbe dynamometer with acute aDxiety. 
Electricians and otbera on board who find their occupation gone, hang 
about, listless and dejected, and a general air of discontent reigna W« 
are grappling in deep water, and, as is evident by the jerky action of 
tbe dynamometer, on rocky ground; but finally, after a long and weary 
day, a steady strain is observed, the pieking-up dram is set to work, and 
after a vast amount of laborious puffing and rumbling, shortly before 
midnight the grapnel arrives at the bows with the cable securely 
pended across two of its prongs 1 At once all is activity on board. 
The testing-nxjm brightens up and the spot of light shines cheerfully 
once more. The cable is cut and handed over to the electricians to lie 
tested. Very shortly the verdict is delivered to the effect that it is 
perfect condition, and at once the operation of splicing it to a new lei^b 
of cable in one of the tanks ia commenced ; this concSuded, we start 
paying-out, and all goes well until we reach the buoy on the shore-end. 

Here a double disaster occurred ; the experience of the Oosmopolitan 
was repeated, as the moorings broke shortly after we commeQced heav* 
ing-in. It was then necessary to pick up a short length of the cable we 
had just laid, so as to cut and buoy further out. 

While this was going on we dropped into the testing-room to see 
that matters were all right there, and scarcely had we commenced to- 
watch the spot of light, when it quivered, oscillated, and finally darted 
off the scale. Something was wrong, and we made for the deck, where 
our suspicions were confirmed ; the cable had broken, and a few mini 
later we were all gazing mournfully at the jagged end — a mere bunch 
of tangled wires and hemp ! Both ends were now lost, and there waa, 
nothing for it but to start grappling i^ain. Drag after drag did we 
make with the same lack of success; occaaionaily the strain went tip 
with a rush as the grapnel clutched a rock, only to decrease with equal 
suddenness as the rock gave way and the grapnel flew off. Our spirits 
rose and fell with the pointer of the dynamometer, and when it only 
indicated the normal strain of the rope and grappling-iron, we all sank, 
mentally speaking, far below zero. 
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This sort ot thing went on all day. At 12 P.it the grapnel was at 
the 1)ows, but no cable, bo work was suspended for the night and every 

I one turned in for a well-earned rest The following day our luck 
oliatiged. The cable was hooked at the first drag and brought safely 
oil board ; the tests showed that it was still perfect, and the splicing and 
paying-out were proceeded with in due course. Meanwhile the Cosmo- 
politan had grappled and rebuoyed the other lost end, so we had no 
more difficulties to encounter. WLile paying-out, the submarine crater 
over which we evidently had been working, and which had given us so 
much trouble, was carefully avoided by taking a circuitous route. The 
feuoy was soon reached and the other end hauled on board. Both cables 
were carefully tested and pronounced to be perfect, the final splice was 
made, and with three hearty cheers the comoleted cable was lowered 
overboard. 

I Finis coTonat opus. Our first complete section was finished, and 
Teneriffe and La Palma were in telegraphic coDimunication with each 
other. 
The rest of the work among the islands was carried out without a 
hitch of any sort, the long cable from Teneriffe to Cadiz being left to 
the last This was, of course, a matter of several days, and may be takea 
as a good example of the routine on board when laying a long cabla 
Mile after mile of cable goes steadily out; the machinery whirs and 

» revolves as if it never would atop, the spot of light in the testing-room 
Ijebaves with perfect propriety, and only oscillates once every five min- 
utes, when those on board exchange a signal with the man on watch in 
the cable-hut at Teneriffe. Every four hours tii'ed engineers and elec- 
I tricians go below and take their share of retreahnient and rest, as sleepy 
^^J Bubstitutes come on deck to take their places. One startling incident 
^^Prelieveti the monotony of this prosperous state of affairs. On the third 
^^ night out, the eccentric behavior ot the dynamometer, indicating a vary- 
ing strain, shows signs of an irregular bottom. At the same moment 
the Chfmopolitan, engaged in taking soundings a few miles ahead, is 
to fire a rtxiket. Shoal water is immediately suspected, and the 
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Dalmatia is put full speed astern and cable paid out freeSy. It ' 
found that the Dalmalia's course lay directly across a bank with only 
eighty-four fathoms of water on top, and nothing but the prompt ^ 
in which the situation was grasped by the engineer on watch averted n 
accident ; for if paying-out had been continued at full speed, the c 
would have festooned from the edge of the bank and most infallibl 
been broken. 

The forgoing narrative of a cable-laying expedition is a typicu 
description o[ the manner in which the great work of lessening the s 
aration set up between continent and continent by the trackle* 
is carried out Nowadays it is not the good fortune of all cable expi 
ditions to open up new ground and be welcomed and feasted by t 
natives, as much of the cable work which is being constantly carried on 
in all parts of the world consists of the renewing, duplication, or tripli- 
cation of existing lines ; and the laying of a new cable has come to be 80_ 
much a matter of course that such an event arouses the merest spark c 
passing interest, although books which have become classical were pab- 
lished chronicling the progress of the early Atlantic cable expeditions. 

The reader has taken a glance at the manufacture of the submarine 
cable of to-day ; he has seen how the ocean depths are surveyed almost _ 
with as much care as the land for a new railroad ; he has watched t 
landing of a ahore-end, and haa seen the deep-sea cable trailing steadily 
out into blue water; he has participated in the joy and enthusiasm of 
dropping overboard a final splice, and in the disappointments and anx- 
iety attendant on grappling for a broken cable on rocky bottom. Alto- 
gether he has made a fair acquaintance with life on board a cable-shipjf 
and if he can point out any other branch of electrical work equally intc 
esting and fascinating, I should much like to know which he woulia 
select 
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THE extenaioQ of the applications of electricitj iiaa been nowhere 
more rapid or remarkable than on board ships-oE-war. Only a lit- 
tle more than seven years have elapsed since the Navj Depart- 
ment fitted out the frigate Trenton with an electric incandescent plant, 
and, 60 far as is known, she was the first naval vessel to be lighted by 
electricity. 

The experiment with the Trenton was watched with interest both at 
I home and abroad. Serious appreliensiotis had been entertained that 
[firing the ship's guns would break the glass bulbs, or destroy the 
t carbon filaments of the lamps, and that other causes would operate 
Lflgainst the successful employment of electricity on board a man-of- 

• In the preparation of this chapter the writer has been greatly indebWd toraliutble 
I reports made to the V. S, Office of Naval Intclligenpe by Lieutenant J. B. Hurdook, 
I U.S.N'., anil hv Mr. S. Dana Oreene. late Ensign, U.S.N. 
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war; but the thorougb test on the Ti-enton, lasting tbrough a tbree- , 
jeara' cruise, proved beyond question the fallacy of such fears. 

Foreign countries were not alow to follow the footsteps of the United | 
States, and the latter government gradually extended the system oily 
electric lighting to other vessels of the navy. 

It bad been early discovered that the installation of an electric plaiA'^1 
on board naval ships required a decided modification of the electricsl'1 
appliances employed for similar purposes on Bbore. The limited spat 
that could he spared on the crowded deelca of a man-of-war demaDdl 
that engines and dynamos of a special and compact type should be use 
and these requirements were further complicated by the necessity, vrhio 
soon developed, of providing naval vessels with two systems of illi 
mination. Gradually, however, man's ingenuity overcame every obalB 
cle — and how completely, the reader will not fail to appreciate byj 
glance at the wonderfully compact electrical machinery included amoi 
the illustrations of this chapter — until, at the present day, no model 
built vessel-of-war goes to aea without complete electrical plants, 1 
"arc"' and "incandescent," the latter principally for the purpose ^ 
interior lighting, and the former for operating the so-called " » 



The name of the " search-light" suggests, tJD some extent, tlie chn 
purpose for which it is used. It is maiuly employed in searching I 
an enemy. It consists of a powerful "arc" light, usually of : 
twenty-five thousand candle-power, contained Jn a metal cylinder abc 
thirty inches long by twenty-four to thirty inches diameter. 
idea oE its construction and general appearance may be obtained fro^ 
the illustrations. 

One end of the cylinder is closed by a silvered, concave refleotini 
lens ; and the carbon points of the lamp, as represented in the s 
view, are placed in such a position within the cylinder as to bring thei 
in the focus of the lens. The opposite, or front, end of the cylinder ii 
fitted with a glass door through which the beam of light passes. Othei 
mechanical features are shown in the illustrations. 



THE SEARCn-LIGBT. 



The whole apparatus is mounted ou a pivot, bo that it may be 
■devolved around its centre — and tliebeani of light be thus thrown in any 




(Prom • phologiapb farniahea hy Meawt, 



esired direction — while it admits, also, of elevation or depression from 
I horizontal position. 




30(i 



ELECTRICITY IN NAVAL WARFARE. 




As ordiuarily used ou ships-of-war, the beam of light emerging from 
the cylinder is so concentrated that at a distance of a thousand yards 
from the ship it illuminates a path only about fifteen yarda in width.. 
Every search-light, however, is provided with arrangements for increas- 
ing the divergence of the rays of light, in order, when necessary, to 
illuminate a broader arc. Only 
one man is required to work 
the apparatus, and to facilitate 
its use it is always, on boani 
ships, mounted in some ])oeitioa. 
considerably elevated above the 
deck. 

In time of war, ships at night 
would constantly sweep the sup 
rounding waters with theil 
search-lights, illuminating, io 
succession, every part of the 
circle around them, in order to 
detect the presence of an eBO~ 
iriy ; and the practical valne of 
the light, in such cases, will be 
readily comprehended when it 
is understood that, with one of 
no difficulty is experienced in 
lighting up any object, such as an enemy's ship, at a distance of two 
and a half miles, thus rendering firing the guns at night as easy and 
accurate aa by day. 

The view of the Empong, one of those phenomenally swift little 
vessels called " torpedo-boats," shows its search-light mounted on top 
of the pilot-tower, just in front of the two smoke-pipes. 

In the practical use of thesearchlight. by the method just explained, 
it has been found that, in order to afford sufficient time for a careful 
examination of the water's surface at points tar removed from the ship, 



only twenty thousand candle-pow' 
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i beam of light must be revolved very slowly ; and, ia coosequence, 

Huring a great proportion of the time any particular section of the 

water is in darkness. When it ia remembered that it requires less than 

flve miuutes'for modern torpedo-boats to pass over a distance of two 

niles, it mar be easily conceived how, in the interval between two sue- 

ive illuminations of the same spot, a little craft like the Empoiig 

ighl dart in and discharge its torpedoes. 

With the object of averting such a danger, another methoil ut ilUimi- 




Mlting the surrounding apace has been adopted on one or two ships of 
E French Navj, and on the Danish cruiser Tverl, where, instead of a 
single revolving light, a number of stationary search-lights are grouped 
together, each illuminating its projjer section, thus keeping the ship 
wntinuously surrounded by an unbroken circle of light 

But the search-light is not only used to discover an enemy, and to 
jep the latter visible in firing at night ; it has been, also, successfullv 
Kiployed in signalling messages where the distances over which 
B to be sent are very great One of the methods of us^ 
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purpose is somewhat novel : the beam of light is simply flashed repeat*' 
edly agaJDst the clouds, lighting them up in each instauce for a certain' 
number of seconds, according to a pre-arranged code of signals, the 
letters of which are indicated by combinations of flashes of difl'erent 
durations of time. Me^ages are said to have been sent in this manner 
between ships separated by a distance of sixty miles. For shorter dia- 
tancea the ordinary incandescent lamps 
have been frequently used. Probably 
one of the most successful systems witt 
these lamps is that now in use in th< 
navies of Italy and Germany. Its esseo 
tial feature coosista in the eucceasivi 
display of different combinations of red 
and of white incandescent lamps of about- 
fifty candle-power each. It is, of course, 
necessary that the lamps be 
exhibited in some elevated' 
position, such, for example, 
as suspended from one of 
the ship's yards, where they 
will be plainly visible from 
a considerable distance, and 
that the electric current con- 
aected with them be under the control of an operator at a key -board, in 
order that any lamp may be lighted or extinguished at pleasure. With 
such an apparatus it will be readily understood how the letters of i 
signal-code could be indicated, and a message rapidly transmitted. 

In the United States Navy a more simple plan, requiring only two 
incandescent lamps, has been very successfully used in connection 
with Morse's telegraphic code, in which, as is well known, the letters at 
the alphabet are represented by combinations of "dots" and "daehea.'S 
In signalling by this code the two lamps were controlled by keys, u i; 
the figure shown above. 




ies.<fl 



ELECTRIC RUNNING LIGHTS. 



It will be observed, from an inspection of tbe electrical connections 
in the figure, that when the key A is pressed, the lamp C is alone 
ignited, or "flashed;" and that when B is pressed, both lamps are 
flashed ritnultaneoiisly. To indicate a "dot" of the Morse code, 
only a single lamp is used ; to denote a " dash," both are ignited 
together. 

Every steamer displays, when under way at night, aa doubtless 
most of our readera have observed, three lights of different colora * — 
green, red, and white. These " running lights," aa they are technically 
called, are exhibited on the outside oE the ship, iu such positions as to 
indicate to other vessels the approximate direction in which she is 
moving. To avoid collisions, and loss of human life, it is of vital 
importance that these lights be never for a moment extinguished. With 
the aid of electricity the possibility of such an accident as the unex- 
pected extinguishing of a '■ running light " at a critical moment will be 
retUiced to a minimum, if not altogether eliminated, by an ingenious 
apjiliance in which the breaking or burning out of one incandescent 
lamp aubrmalicaUy completes a circuit and ignites another. Only a 
casual inspection of the figure will 
show how this is effected ; A small 
electro -magnet, E, is placed in the 
circuit of the lamp 1 ; and, while 
the latter is burning, the attraction 
of the magnet keeps the armature 
D in the position shown by the 
dotted lines, with the circuit of 
lamp 2 broken. But, should the 
circuit of 1 be broken by the 
burning out or breaking of tbe lamp, or fr<)m any cause, the magnet 
g[ill, of course, cease lo attract the armature, and the tatter is at once 
[awn back by a spring, S, to the position shown in the figure, thus 

* A ^reeo light on the aUrbonrd (or right) sitle, ti it& light on the port side, and & 
yte light at the masthead. 
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completing tlie circuit and igniting lamp 2. The figure representa this 
as having alreadj occurred. 

Another application of the incandescent lamp has developed from &, 
series of experiments made at the Naval Torpedo Station, NewporV 
R I., with the object of ascertaining to what extent electricity could b^ 
utilized at night for lighting up water below the surface. In thei 
experiments incandescent lamps of about one hundred and fifty candli 
power were immersed to a depth ot fifteen to twenty feet, with th| 
result that sunken objects could be readily seen within the distance ( 
a hundred feet from the light. The discovery thus made is of conside 
able importance from a naval point of view. Modern naval fleets roui 
not only be prepared to rapidly remove the stationary torpedoes, (tf 
"fixed mines," with which every important port in time of war will be 
protectee], bnt the ships themselves must be provided with a complete 
system of such weapons, ready to block up harbors in which an enemy's 
vessels may be discovered, or in which they theto- 
selves may have taken refugi 
Much of this service, in the evei 
of war, would be necessarily [ 
formed at night, and a part of | 
under water; hence, it may I 
certainly expected that model 
navies will avail themselves ( 
the valuable agent that the New- 
]K)rt experiments have placed in 
their hands. A portion of the 
force employed for such duty 
would be a body of traiued 
divers; and not only will tboi 
men carry with them under t 
water an electric light, but the telephone has been recently added I 
their outfit, ao that they may communicate constantly and easily wi^ 
assistants above the surface. 
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la this connectioa omy be moDtioneJ a remarkable electrical appa- 
[TlstDS known as a "Torpedo Detector," As it name impliea, it is 
designed for use in searching for hidden torpedoes, or mines, in harbors 
and cbannele. This appliance depends for its action upon the principle 
of the induciion-balanca A representation of it is shown opposite. The 
box A, in the figure, coutains a set of inductiou-coils, and a vibratory 
magneto-electric machine, with which a telephone is connected. The 
netal sinker B contains, also, a set of induction-coils, and is connected 
nth Ahy & short electric cable. The small battery C has connections 
■ showo in the figure, the circuit of which can be opened or closed bj 
fclcey. 

In practical use, searching for torpedoes, the box and battery are 
Tied in a boat, and the metal sinker, lo which the small cable is 
whed, is dragged overboard along the bottom of a channel or harbor 
wbcre the presence of torpedoes is suspected. When the telephone is 
placed at the ear, no sound is audible until the sinker reaches the vicin- 
ity of some metal body, such as a torpedo; then a buzzing noise is 
heard, which becomes gradually louder as the torpedo is approached, 
and loudest when it is touched. 

I Electricity is employed on some of the vessels of the British Navy, 
|ld will probably be made use of on the new ships of the United States 
grvice, to render visible the sights of the guns when firing at night, 
ts applied on the English iron-clad Colossus, one of the wires from a 
nail Leclanche battery leads to the rear, or " breech " sight of the gun, 
nd is there joined to a fine platinum wire running across the bottom of 
the "sight-notch." The platinum wire interposes just sufficient resist- 
ance to cause it to glow with heat while tlie current from the battery is 
passing through it From the rear-sight tbe battery wire continues on 
to the fronl-aight of the gun, where it meets the second wire from the 
llwttery. Here the ends of the two wires are brought very near each 
(her, at the apex of the sight, so that the electric sparks passing 
Btween them serve to mark its positiou. The practical utility of such 
I arrangement may he shown by a familiar illu-^tration : Ever 
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has observed, when looking from the window of a lighted room c 
dark uight, how difficult it is to distingiiisii aoy outside object bejondl 
the distance of a few feet. The same effect is naturally experienced oa-1 
board ship, and for this reason, among others, men-of-war, oti going into 1 
battle at night, have every unnecessary light extinguished — thus ren-l 
dering some plan of indicating the position of the guns' sights almost 
absolutely indispensable That above described, the writer waa in- 




formed by an officer of the Chloesus, has proved perfectly successful 
actual practice. 

On some of the laj^r European ships-of-war, and on a few Unii 
States vessels, arrangements have been made for firing tlje guns by eli 
tricity. This is usually accomplished by causing the current from 
ordinary zinc-carbon battery to pass through what is known as an eli 
trie primer, inserted iu the vent of the gun. The primer, as used in 
the United States service, is simply a quill tube nearly filled with small- 
grained powder, and containing a fine platinum wire wrapped with 



I 



THE ELECTRIC LOG. ai3 

a wisp of gun-cotton. The platinum wire is connected with the wires 
of the electric batWry. When the battery circuit is closed, the plati- 
num becomes instantly white-hot, thua igniting the primer and firing 
the gun. Tbe firing-key, with which the circuit may be closed at 
pleasure, is placed in the pilot-lower, or in some other position where it 
is directly under the control of the commanding officer, and the circuit 
is, of course, kept open until the instant of firing. The advantages 
claimed tor such a system are many. Obviously, under some t-ircum- 
stAQces, as, for example, where it is desirable to concentrate the whole 
side upon a certain jioint, and to iire all tbe guns together, such 
; arrangement would have a great advantage over tiie ordinary 
shod of depending upon the eimultaneons action of tb' junuers. 
ain, it is no uncommon occurrence in battle for a ship's g. tecks to 
me 80 enveloped in smoke that the enemy cannot be sf i by the 
^n at the guns, and in such cases, with an electric systeu. ^ firing 
fnW be done by an officer clear of such an obstruction. tTsually tbe 
ictrical appliances admit, also, of the guns being fired singly and in 
ad for eases where tbe ship is rolling heavily from side to 
ma, an " automatic circuit-closer " is sometimes employed, which, after 
t,ttgt/^ar firing-key has been pressed, closes the circuit and discharges 
^ gUDS the instant the vessel reaches an upright position. 
I Electric " logs," for measuring the speed of a ship, usually depend 
t their action upon the revolutions of a small screw-jiropeller, or " fan," 
teched to the end of a short electric cable, and trailed through the 
Water astern of the vessel. The velocity with which the fan revolves 
at any given speed through the water has lieeu previously determined 
by an actual trial. The wires of its cable are connected with a battery 
B board the ship, and its revolutions periodically open and close tbe 
Hrcuit of tbe battery, which action is communicated by suitable 
ichanism to a register, or dial, so graduated as to show the corre- 
lending speed in miles and tenths. While such an apparatus is valu- 
ble for the purposes of navigation — since it affords an accurate measure 
I the distance passeti over by the ship iu the i>ite/-val between any two 
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readings oi tbe dial — it fails to sbow the speed of tbe vessel at the 
moment of observation. 

This Utter knowleilge will be an important factor 'm future naval 
figbtfl. Tbe commander of a modern ship-of-war engaged in battle 
miiat be able to ascertain the rate at which his vessel is moving at any 
desired moment, in order to make allowance for the deflection of shot, 
and still more for that of torpedoes, due to the speed of tbe sbip at the 
instant of their discharge. Hitherto, so far as tbe writer knows, only a 
single "log" has been designerl which accurately furnishes this essen- 
tial information. This instrument is an ingenious " speed indicator," 
the invention of Lieutenant Hogg, of the United States Navj, but of 






which, since it depends upon no principle of electricity (but upon tl 
of the vacuum^auge), no more than the mere mention of its existei 
can be here made. 

The question of introducing electric motors in ships-of-war, to tal 
the place of the numerous small .steam-engines now required on 
for varioufl purposes, is one that is occupying the serious attention 
naval authorities. That such a Hubalitiition will be made in the 
future seems now assured. An electric current is the most coDveoii 
method of transmitting power from one point to another, at a C0Q^< 
able distance, that has been yet discovered. It is also the most econom- 
ical where the conditions, ae on board a modern man-of-war, require 
the power to be conveyed from a single source to a number of differei 
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points of application. Yet, at the present writing, no use of an electric 
motor is made in any of the great navies of the world. It has been left 
to tlie United States to take the initial steps toward its introduction, by 
employing electricity to work one of the eight^inch guns of the steel 
cniiser Chicago. This motor ia supplied with the requisite electric cur- 
rent by connecting its wires with those from the dynamo used for light- 
iog the ship. 

Electricity has been the chief element in the development of those 
remarkable inventions known as auto-mobile, or " fish," torpedoes. 




They are, with few exceptions, steered, propelled, or explotled by an 
electric current; and in some all three of these applications are made. 
No ship-of war is now regarded aa efficient whose armament does uot 
include a numlier of torpedoes. The '■ Whitehead" is the torpedo in 
geueral use in tiie navies of Europe. Briefly, it ia eigar-shaped, from 9 
to 19 feet long by 11 to 16 inches diameter, made of thin steel, ])ropelled 
by compressed air, and earriea an explosive charge of gun-coiton rang- 
ing from 40 to 106 iwunds. In practical use the torpedo is discharged 
at the enemy 8 vessel through a tube, which may I)e mounted on board 
ship either above or lielow the surface, and upon reaching the water it 
B propelled bv its own engines. The iuitiul motion, or " dischai^e," 
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effected by an electric fuee which ignites a very small charge of guiH 
powder placed in tbe tube bebind the torpedo. The wires from i 
fuse are connecteti in tbe circuit of a battery, and lead to the pilot-towerjl 
where the firing is accomplished by the usual means of a key-boan! 
under the control of an officer, Tbe illustrations show the tabes in 
place on the deck of a torpedo-boat, and also represent thein separately 
on a larger scale. It will be observed tbat they are mounted on a tun 
table, so that they may be [Kiinted in any direction, and that they aj 
set at a slightly divergent angle with each other. By this arrangema 
of lubes— that now most approved by tbe naval authorities of Earc 
— two torpedoes are discharged at tbe same instant, and it is believi 
tbat the slight divergence of their courses will greatly increase tl 
chances of either one or the other striking the enemy's ship. 

An ingenious application of electricity is employed lo explode t] 
projectiles discharged by tbe pneumatic guns with which that remarl 
able craft, the United States dynamite cruiser Vesuviits is to be a 
These projectiles are in fact afirial torpedoes, and for the fifteen-ino 
guns now proposed for the Vesuvius, they will carry a charge of six hm 
dred pounds of explosive gelatine High explosives, sach as dyoamiti 
gun-cotton, and explosive gelatine, require to Ije detonated in order \ 
develop their full energy ; and for this purpose fulminate of mercui; 
has been found to be best adapte>1. It has been found, also, that a ver; 
much greater destructive effect upon a target is obtained when tb 
explosive charge of an elongated projectile, like those to be used in t 
guns of the Vesuvhta, is first ignited eU (Ae rear end, or " base," 
of at the point, and recourse was had to electricity to accomplish thi 
result The fuse consists of a fine platinum wire — -wrapped with a flbr 
of gun-cotton and embedded in fulminate of mercury — connected witi 
the circuits of two small galvanic batteries carried within tbe projectil 
itself. With either of these batteries active, the platinum wire become 
instantly heated to redness and explodes tbe charge. In one. the electli 
cal connection is kept broken until tbe projectile strikes some solid body 
such as a ship or a target, when the shock of impact closes the circaj 




. tbe explosion. The circuit of the other 
battery is complete; but the battery itself requires to 
be moistened in order to become active, and tbe explo- 
sion consequently takes place after the projectile Las 
sunii below tbe surface of the water. 

Tlie use of electricity for the propulsion of boats 
has met with considerable success. But the low speed 
hitherto attained by such veasela, and the fact that 
iheir motive power is necessarily derived from storage- 
batteries, which are notoriously uneconomical, have 
prevented their use as torpedo-boats. Yet, next to 
great speed, the most essential quality of a torpedo- 
boat is noiselessness, and this requisite electric boats 
possess in an nnsnrpassed degree. This latter may 
even become, under some circumstances, of more 
importance than high speed ; for on a dark night, or in 
a fog, the success of a torpedo-boat will often depend 
upon a silent, unperceived approach, and the sudden- 
ness of it8 attack. Hence, it appears .lafe to predict 
that electric torpedo-boats, armed with both auto- 
mobile and the ordinary "apar" torpedoes, will find 
a place in the navies of the future, 

¥oT submarine boats \io motive power yet discovered 
seems comparable with electricity. High speed in 
vessels of this class will probably never be of the first 
importance, since they are mainly designed for attack- 
ing sbiiM at anchor. The part such vessels are des- 
tined to play in naval warfare is an interesting and 
unsettled question, and their development is being 
closely watched by the nava! powers of the world. 
Hitherto, when subjected to rigid practical tests, they 
may be said to have been unsuccessful. 

Lieutenant Fiske, of tbe United States Navy, has 
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draigned very recentl_y an electrical "range-finder," (or measuring the 
distRnce of an enemy's sbip or of a target, but at tbe present writing 
the details of his invention have not been made piiblia This same 
officer was engaged for some time on board the steel cruiser Atlanta, 
conducting a series of experiraenta with the object of devising soma' 
means of telephoning or telegraphing, either through the air or the 
water, in order that ships might be enabled to communicate with each 
other in a fog, where signals could not be seen, or at night, when, 
in the proximity of an enemy, the use of signal-lights might not 
advisable. But while " results were obtained which were in themsel' 
encouraging, they seemed to indicate tbe impracticability of llie scheme.' 

In the French Mediterranean fleet, during recent naval man 
a novel use of the telephone was made in connection with a ballooi 
Tbe latter, carrying with it a telephone connected with the ship, wi 
secured to tbe deck by a rope which allowed it to rise to the height 
about a thousand feet From this lofty point of observation an ol 
watched through a telescope the operations of a distant squadron repi 
senting the enemy, and from time to time telephoned the results of hi 
examination to those on tbe vessel below. 

A number of other applications of electricity, such as electrical si 
ing-gear, electrical engine-room annunciators, elc, have been tnade 
ships of war ; but they have either proved to be unsuccessful, 
successful, they were found to be of such doubtful utility as to rem 
their adoption unadvisable. 

The development of electricity is so rapidly progressing that d( 
limit to its future naval applications can now bo assigned. But, wil 
the assistance of tbe Office of Naval Intelligence, it may be safel; 
assumed that the proposed " New Navy " of the United States will ha' 
the benefit of every useful naval invention. This office, to which 
writer is greatly indebted for information and illustrations included 
this paper, is a branch of the Navy Department specially charged wii 
the duty of keeping informed upon the latest advances in all branches 
naval science throughout the world. 

• Report of the Office of Naval Inlelligenca. 
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IT U not an unconinioii obaervation that all the great iDventions and 
discoveriea which have contributed to mark the present century as 

the most extraordinary in the history of the world's progress have 
been immediately applied, so far as possible, to the "abominable 
end of annihilating mankind ; " but though it is true that a majority, 
perhaps, of the improved appliances of modern warfare liave thus re- 
sulted from the application to military purposes of discoveries which 
first found practical use in the industrial or commercial world, the high 
degree of perfection which has been attained in the development of 
military methods and materiel of the present time is also largely due 
to the special devotion to this particular object of the best educated 
intelligence and inventive talent 

To the reader accustomed only to the j>eaceful occupations of busi- 
ness or professional life this may seem like a perverted application of 
IliimaQ knowledge and technical science, and one entirely inconsistent 
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with modern ideas concerning the proper relations which should exist 
among civilized nations. It ia evident, however, on reflection, that 
there can be no ix>3sible insurance for the nation against attack and 
defeat by a foreign power, except the most perfect preparation to meei 
and resist such an attack that the skill and knowledge ot man can 
devise. Moreover, from a humane jioint of view, it is a gratifying re- 
flection, and a fact fully established by history, tiiat with the improve- 
ments and advancements in military science and art of modem times, 
warfare now consists of much shorter conflicts in arms than was 
formerly tie case, and though the action is thereby rendered vastly 
more intense while it continues, it also becomes the more decisive, 
hostilities are terminated the sooner, and the loss of life is actually less; 
BO that instead ot contributing to the " abominable end " of exterminat- 
ing the human race, the application of the most advanced discoveries 
and inventions to the art of war has in reality mitigated the distressing 
results of armed couflict. 

The numerous and constantly increasing adaptations to the needs ol 
man of that wonderful and still mysterious force or agent called electr 
ity have naturally attracted great attention in the military world, ' 
from the inventor who is inspired by the hope of a large pecuaiafj 
reward, and also on the part of those who have adopted " the pervic 
as a life work. 

Since a great portion of the details ot the so-called " operations d 
war" are in reality only the operations of peace greatly intensified a 
prosecuted under more difficult and exacting conditions, it will be seeo" 
that nearly all the industrial uses of electricity iiud a more or less direct 
application to military pixrposes ; but it is ]>roposed lo present het 
only a brief review of some of the more im])ortant ot these applicationi 
together with references to certain uses of electricity which are peculil 
to the military art. 

It must be borne in mind that the preparations for war which e 
made in time of peace are often of necessity more or less tentative a 




experimenlal in their nature, requiring tbe test of actual service in time 
of war, or, at least, in the field, to iletermine their practical utility, to 
develop their defects, and to suggest the remedies. It would therefore 
be futile to attempt a reference to many ingenious and promising de- 
vices for use in war which have been suggested and made possible by 
the more recent advances in electrical science, but for the actual trial of 
which there has, fortunately, been as yet no opportunity. 

^^1 Beginning with the permanent military establishment in time of 
^^>cace, we find that electricity renders important assistance in main- 
taining this establishment in a proper state of drill, discipline, and 
general efficiency, as well as in the manifold technical processes con- 
nected with the fabrication of arms, ammunition, equipments, and other 
war inui^-rieL 

The soldier must first be supplied with an efficient weapon, and in 
the design, manufacture, and test of improved fire-arms many intricate 
problems arise, tbe solution of which could not be satisfactorily effected 
without the aid of electricity. One of the most interesting of these 
problems relates to ballistics, or the scientific study of the motion of a 
projectile when fired from a gun. It is evident that in order to predict 
the range of the shot, and its penetration or effect on striking the object 
fired at, and to determine the accuracy and efficiency of the gun, of the 
powder, and, to a certain extent, of the projectile itself, an accurate 
knowledge of the velocity imparled to the shot when the weapon ts 
discharged is of tbe greatest importance to the ordnance officer. The 
rate at which the projectile moves when leaving the muzzle of the gun 
is called ita initial velncUij, and since its rat« of motion rapidly dimin- 
ishes during flight, the observations to determine this initial vehK.'ity 
must be confined to a short portion of the projectile's path immediately 
r it is clear of the gun, 

, modern high-power guns the shot ia often given an initial 
jcity of more than two thousand feet per second, which is at the 
e of a mile in less than three seconds, and hence it will l)e understood 
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that tbe ileterminatioo of the initial velocity involves, besides ascertain- 
ing tLe exact instant at whicli tbe sbot passes two fixed points near the 
beginoiug of its patb, tbe precise measurement of an extremely small 
interval of timi?. 

Suppose a wire to be stretcbed across in front of the muzzle ui 
the gun, and at a short distance from it, this wire forming part of 
complete electric circuit, which includes also an electric battery and 
electro- mag net When the gun is fired this wire will be broken, the 
circuit interrupted, and the armature of the magnet released at the 
instant that the projectile reaches the wire in its flight. Now imagine 
a second wire stretched across the patb of the shot, at a point one hun- 
dred feet in front of the first one, with a similar arrangement of electric 
circuit, batiery. and electro- magnet. The breaking of this second wipe 
by tbe flying projectile will release the armature of the second mi 
and if the interval of time between the release of tbe two armatures 
be determined, the velocity of the projectile is easily calculated. If 
projectile has a velocity of 2,000 feet per second, and the wires art 
feet apart, the interval of time will be one-twentieth of a second, 
since it is necessary to know the velocity of the shot to witliin a ft 
feet per second, an instrument capable of measuring tbe time-interi 
to within the flve-lhousandth part of a second is required; and 
instrument must also record ita measurement, siuce the mind caiUK 
conceive, and much less note, such a very brief period. 

These exacting condition)) are completely fulfilled by tbe eli 
chronograph, which is an instrument embodying the two electro-mi 
nets already referred to, together with a recording apparatus, and 
tain attachments for making necessary adjustments, etc. The armatui 
of tbe first magnet is an iron rod about three feet long, which is ei 
pended in a vertical position from the core o£ the magnet Tbe bi 
ing of the first wire releases this rod, allowing it to fall, and when 
second wire is broken the armature of the second electro-magnet, which 
is placed a short distance below the first, is also released, operating a 
i^rt of knife which strikes tbe side of the falling rod, and makes a out 
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t indentation. The distaoce of thia cut from the end of the rod shows 
ictly how far the rod dropped while the shot was passing over the 
letance between the first and second wires, and the correaponding iu- 
•val of time is readily computed from Itnown laws of falling IxMiies. 
Knowing this interval and the dtstanoe between the two wires, the initial 
velocilv of the projectile is easily determined. 

^---'"--—■'" 




tok, Kcw York Harbor, two open frames or targets are set up in front 

I the gun, and the wiro to be broken ts strung many titnea biick and 

rth from one side of the frame to the other, to better insure the rup- 

pre of the circuit by the shot as it passes through the f rama From 

} targets conducting wires lend to the laboratory near by, where 

■e cbroDOgraphs, batteries, switchboard, and other apparatus are 

Med. Id order to obtain more reliable re-sults, two nr more chrono- 

rapba maybe used for tesiiog the same shot, and the laboratory at 

lady Hook ia provided with a number of tliese instruments. 

ADOtlier interesting application of electricity at the Proving Griniiids 
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is the employment of a small meandesceut electric lamp, mounted in 
coimection witli a maguifjing mirror on tLe end of a long rod, for 
examining the bore of large guns. By the aid of this apparatus most 
thorough inspection can readily be made of the condition of the chamber 
and rifling, and any erosion or wear, which frequently occurs from the 
action of the projectile and the gases from the powder, can at once he 
detected. Photographs of the interior of the gun are even taken by 
means of the electric light, and the information obtained by these means 
is mof^t valuable, and is manifestly more satisfactory than that given by 
the method of taking impressions of the bore in soft rubber. 

Photography has also been made use of in studying the motion of 
the projectile. In the case of Jarge guns, inslantaneoua views of the 
shoi. during its flight have been successfully taken by means of a 
camera pmvided with a quick-acting shutter. This method is not 
applicable, however, to small arms. A rifle bullet is a very small 
object, and the camera must be set very near its path in order to obtain J 
a picture of sufficient size to be of use; but the nearer tlie instrumenn 
is placed to the moving object to be photographed, the more rapid i 
the motion of the image over the plate, and no "instantaneous" 
quick-acting shutter could possibly be made to operate with sufficient 
rapidity, or at the proper instant, to give a eharply delined pictura.! 
The desired end is accomplished, however, by the aid of elcctricityj 
The camera is provided with an extremely sensitive plate and placed in 
a dark room, through which the bullet is made to pass. The instaQn 
the bullet ia in front of the camera it breaks an electric circuit, pro 
ducing a spark which illaminates the bullet for an instant, and its 
image is impressed upon the sensitive plate. The duration of the ele< 
trie spark is almost infinitesimal, and since tlie plate is affected onljB 
during the continuance of the spark, a well-defined photograph of t 
object moving at a greater velocity than that of sound is obtainec 
Snch pictures show the condensation of the air in front of the bullet 
the vacuum left behind it, and the eildies and currents produced in tlw 
surrounding atmosphere by its motion; and they afi'ord informatioi 
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jvticli is of value in determiaing the best shape to be given to tlie pro- 
iCtile in order to reduce to a mininium the resistance which the air 
^pc^es to its fiigbt, and so increase its range and effect. 

The gun and ammunitton having been brought to a proper degree 
of perfection for efficient service, electricity again conies to the soldier's 
aid in assisting to teacli him how to use his weapon. 

The electrical target, invented by nn officer of our service, is de- 
signed to remove the dangers of small-arms practice and to facilitate 
instruction tn marksmanship. This target is made of metal, its surface 
consisting of a great many separate plates accurately fitted together, 
and eac-h one having a circuit-closer at the back, and admitting of a 
alight movement independent of the others. Each ci re nil-closer is con- 
i by a wire with an annuiiciator located at the firing stand. When 
^sbot strikes any part of the target the corresiMindiDg plate is slightly 
•d, its circuit-closer operates, and the position of the shot on the 
[get is at once indicated by the annunciator. The necessity of having 
k nan at the target to mark the shots is thus obviated, and mistakes in 
irking, as well as accidents, which frequently happen from firing 
lien the marker is exposed, are prevented. 



As the telegraph was the pioneer among the great industrial appli 
tcations of electricity, so it was also one of the first electrical inventions 
to be systematically and generally adopted as a necessary adjunct to 
the methods of warfare, and its recognized importance will be under- 
stood from the fact that the military organixations of nearly all civiliJied 
nations now comprise a Bi>ocial telegraph or signal corps, which is 
_ instructed and trained in all the duties and operations pertaining to tho 
sctric telegraph. Indeed, it has recently been remarked by a foreign 
lUitary authority, that "so important will be the part played by mili- 
»ry telegraphy . . . that the anny which has the most efficient 
em of electric signalling will hold a tnimp canl which may be a 
sive influence on the game in any future European war," 
Tel(^raph lines, constructed primarily for commercial purpoeaa-^ 
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render valuable service iQ tUe varioue duties connected wilb the regular 
nminteQauee of tLe permaaent military foi-ce, and npou tiie approach o( 
hostilities such lines may prove indispensable. The army must then 
be promptly niouili?^d, or placed in a condition for active service, aa< 
means of rapid communication between the capital or general 
ters and the centres of the various separate organizations is essential) 
as is also the prompt transmission of the news of the approach of tl 
enemy, of his arrival on ihe sea-coast or frontier, and of his mnvemenl 
generally. 

The army having been mobilized and placed in the fleld, the 
manding general must maintain communication with the home govern- 
ment and with bis subordinate commanders, who may be at a distance. 
In all these cases commerciai telegraph lines are utilized to the fullest 
ejctent possible, as well as under any other circumstances where 
lines exist and can be made available. 

Pernjaiient telegraph lines are frequently erected, especially for 
military purposes, to connect established posts, depots, or stations with 
each other and with headquarters, or to insure communication between 
other places which in time of war are likely to become of strategic i 
portaiica Such military telegraph lines being eonatrucled in time 
peace are. of course, similar iu ail respects Xo commercial lines. 

But in active operations in the fleld, in presence of the enemj, a 
perhaps in the enemy's country, entirely new conditions are met witfc; 
The commanding general may find himself in a region where none of 
the conveniences of civilization ever existed, or where all such conve- 
niences that may have existed have been destroyed. His command 
may extend over a lar^e area, and some of the corps or divisions may 
be miles away, with dense forests, marshes, streams, mountains, or. 
country occupied by the enemy intervening. Communication mast btf 
established through the nearest point to which the permanent lines ax9 
still iu operation with the home capital, and it is absolutely essential 
that the commander be provided with the means of transmitting his 
orders to his snlxti-di nates, and of receiving intelligence of their posi- 
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tioDS and movementa, aod of those uf tlie euemj, if he ia to have any 
hope of successfully executing the plan of operations which it is his 
duty to carry oat 

The Field Telegraph Corps now conies to his aid. This corps ia 

I provided with its train of wagons or carts, drawn by horses or mules, 
Bod carrying wire, poles, instruments, etc., and the tools and material 
Reeded in erecting the lines, in taking them down, and in making necea- 




' repairs. For lines wliich are to be in a measure permanent, like 
those erected to maintain communication between the field of opera- 
tions and the home government or the general headquarters, the wires 
will be put up in the ordinary manner, making use of such available 
Biaterial for poles, etc., as may I)e found in the vicinity. 

Id the case of temporary lines, which fll^^M^^ore hastily con- 
rtructed and removed, the wagon carrying u -r the 
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route and the wire reeled out along the ground, to be afterward raised 
and aupjjorted on insulators attached to trees, hnildings, fences, etc; or, 
where such supports are oot available, to light wooden poles carried for 
the purpose. The batteries, instruments, etc, can be set up in th» 
wagon, which is thus made to serve as au operating station. 

For still more rapid work, wire or cable haviog an insulating cov- 
ering throughout is used, and this ie reeled out along the ground, 
crossing marshes, streams, etc., if necessary. It is then ready for imni 
diate use without requiring insulating supports. In crossing roadv 
and at other points where the wire would otherwise be exposed 1 
injury, it is raised on poles or may be buried in the ground. In rough,. 
mountainous, or thickly wooded regions, where wheeled vehicles cannot 
be used, the wire and other material is transported on pack animal^ 
and in running short lines which must be very hastily ef:tabli6hed m 
difficult situations, the reels may even be carried by men on foot 

For operating the line an instrument similar to the ordinary Moraft' 
apparatus, arranged in compact fonn, is generally used ; but the tele- 
phone has also a limited application for the purpose, and an improv* 
instrument has recently been devised for the field telegraph aervig 
which will work for moderate distances through an ordinary bare v 
laid along the ground or through tbe wire of fences. 

In the use of captive balloons for observing the strength and | 
tion of tbe enemy or of his works, or for obtaining information r^ard 
ing his movements, the telegraph or telephone furnishes the best meanj 
of communication between the observers in the car of the balloon and 
persons on the ground. The instrument in the balloon ia readily eoo« 
nectefl with that below by wires carried along or enclosed within the' 
cable by which the balloon ia secured, and the results of the observa. 
tions, instructions or orders, etc., can be communicated almost as easilj 
as between two stations on the ground. 

The members of the telegraph corps must, of course, be thoroughly 
drilled in all the manoeuvres connected with packing, transporting^ 
erecting, operating, and taking down the special apparatus of the fieM 
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pigoal train, aad they mnat be able to operate tlie apparatus in commer- 

I oial use as well. Besides having a thorough knowledge of the ordinary 

or Morse code, they must be familiar witb varioua secret codes aud 

ciphers, adapted for use in presence of the enemy, and they must be 




utructed iu the methods of destroying or iaterrupting the telegraph 
tnea of the enemy and intercepting bis messages. 

Recent improvements insynchronouB tc)egra|^^||||Eatit.^ the action 
f which depends upon the continuous motion i| 
igtruments in electrical connection, but aU 
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dered it practicahle to make, at a distant station, an exact repro<]iictid 
of any writing ur drawing esecuted on suitably prepared paper aM 
placed in the instruinunt at the sending station.* Though the prifl 
ciple of this instrumenl is not new, and it has never been used to an 
extent for commercial purposes, the improvemente referred to gin 
promise of rendering tiie system of great value in sending vastly tncq 
complete and reliable information concerning the plans of forts an 
other works of defence, the disposition of troops, maps of the county 
etc., than could possibly be conveyed in words, and with a great saTid 
in time and almost absolute security against the interception of 1 
message by the enemy. 

Bnt even the field telegraph may fail, as when it becomes ne< 
to transmit messj^es over large boilies of water, or across intervenifl 
country, which, on account of its occupation by the enemy or I 
some other cause, ia iuaoeeasibla Flashes of light, produced by 1 
field search-light apparatus, directed upon the clouds or upon higli b 
restrial objects in the vicinity, may then be employed, or signals mid 
be sent by means of incandescent lamps sent up in a lialloon and I 
to flash by manipulating a key introduced into the circuit*. This i 
method of signalling which cannot be interrupted by the enemy, thoQ| 
it is, of course, only available at night and in clear weather. 

The search-light apparatus consists of the well-known arrangeme^ 
of a powerful electric lamp placetl in the focus of a reflector, so ( 
trrved that the lamp and reflector can Iw easily turned and the beam i 
light sent in any desired direction. For field service, the lamp and 1 
steam-boiler, engine, and dynamo for o[)erating it are mounted i 
wheels for facility in transportation. The more important uses of til 
light are to disclose the position and movements of the enemy; 
and confuse him in. the event of an attack at night; to enable tliQ \ 
of a fort to be properly direct&l; to facilitate night movements of-<| 
army, and the construction of earthworks or other hasty defe 
After au action the light may also \x employed to search out and \ 
• See "The Telegraph of To-<iay," 
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for the wounded on the field of battle, and it assists in the raercifal 
work of the surgeons by enabling them to promptly perform delicate 
operations which otherwise could only be done in daytime. 

It is, however, in immediate connection with the high explosives 
that the military adaptations of electricity have received their most 
perfect development and have contributed to the most astonishing 
results, and there is probably no military weapon with which the gen. 
eral public has been made more familiar by repeated descriptions and 
illustrations than that class of instruments of destruction known under 
the general name of torpedoes. 

The almost universal adaptability of the method of firing charges of 
gunpowder, dynamite, gan-cotton, or other explosives, by means of the 
electric spark or an electric fuse, follows from the great ease and facility 
with which the firing circuit can be established in almost any situation, 
however difficult or unfavorable, and carried to almost any point, how- 
ever remote; thus enabling the operator, by simply manipulating a key 
or electric exploder, to fire the charge from a place of perfect security, 
with certainty and at the proper instant There is no ** slow match '' or 
powder-train liable to be ruptured, to become damp, or to be found 
inoperative from other causes when most needed ; and the unsatisfac- 
tory percussion cap and lock, always subject to accidental discharge, 
are also done away with. 

More especially in permanent fortifications, and in the complete and 
complicated systems of defence established to protect important sea- 
ports, does the electric apparatus, or *^ plant," become an important 
factor in the organization, and under these circumstances it requires a 
special corps of skilled operatives carefully trained in its establishment, 
care, and manipulation. 

The main station, containing the steam-power, dynamos, batteries, 
etc., is located in a thoroughly secure place within the work, or it may 
even be removed to a point some distance away and the conductors 
carried to the fort unde** '<v»tric motors will enable the 
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ainiing aud luaoipuJation of the heaviest guns, mounted on " disappea^<l 
ing gun-carriages," to be effected with the greatest facility, and they I 
will alao be brought into uae in moving and hoisting the enonnoua-J 
charges of explosive and projectiles which constitute the ammunition of | 
moilern high-power ordnance. 

The guns have electric fuses, or primers, connected with wires whicl 
are led to a secure ] 
of observation, where 
the commanding officei^l 
provided with instruJ 
ments which enable him 
to accurately determin^ 
the position and distanct 
of the enemy's 
has the entire ba 
the fort under immediate 
control, and lie can direct 
and regulate the fire of 
the guDs t^j the best ] 
sible advantage 

The approaches tod 
Inrt by laud will be i 
iV'tided by ground 
I >fdocs or mines, propi 
iistribute*! and careful 
concealed, and passain 
over frozen streams i 
other small bodies of water in the vicinity may ho defended in a s 
lar nmuner. Mines placed under ground or under the ice are alat 
employed in field operations, and frozen bodies of water are readilyl 
made passable for f rieniUy lx)at« by blasting with charges of explosive 
placed on the icp or beneath the surface. 

These mined or torpedoes constitute a formidable and muck-dreadej 
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means of defence, since they are entirely concealed from sight and tlieir 
position cannot easily be discovered by the enemy. By providing them 
with electrical fuses, placed in circuits under control from the fort, they 
will be absolutely inoperative and harmless until, upon the approach of 

the cTicmy. the time arrives for their deadly work. The mines can also 
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te arranged to operate automatically if liable to be disturbed during 
jdarkness, or if planted where their location cannot be observed from 
the fort 

The electric light is also a valuable aid in the general system of do- 
fence The incandescent lamp is particularly adapted to illuminating 
dark paissa^es and the magazines in which the ammunition is stored, 
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where, on account of the danger of fire, any other form of artificial ligl 
Las to be employed with the uttniiat caution. 

In the pneumatic dynamite gun, which has recently received 
much attention both from military men and from the world at lai 
and which undoubtedly will have a place in shore defeuce, electricity 
employed to regulate the explosion of the charge carried by the projec- 
tile The ahell carries a araall battery in one of its compartments, and 
this battery is entirely inoperative under ordinary circumstances, render- 
ing the ahell perfectly safe to handle and place in the gun, Wlieu 
gun is lired, should tte shot fall short, the battery becomes active s\ 
after inimeraion in the water, and the explosion consequently takes placd 
below the water-Hne, where it is most likely to do injury to the veaael 
aimed at 

But it is in the system of defensive torpedoes, or submarine mini 
which is provided for obstructing the entrance to the harbor, and whii 
is operated from stations on shore, that we find perhaps a more elal 
rate and complete arrangement of electric apparatus than in any othi 
portion of the defensive establishment. 

The conditions imposed upon this part of the defence are many ai 
exacting, and a vast amount of study and experiment has been devol 
to its development and perfection. 

A submarine mine consists essentially of a water-tight metallic case 
containing a large charge of dynamite or other powerful explosive and 
provided with an electric fuse and a circuit regulator of peculiar coo- 
strnction. An anchor or sinker is placed on the bottom of the channel 
it is ilefired to obstruct, and \o this the mine is moored so as to float a 
short distance below the surfaca The fuse and circuit regulator are 
couneeted by means of a cable with the testing and firing apparatus ia 
the operating room, which is located in a secure place within the wori 
on shore, and a large number of such mines are distributed over thi 
portion of the channel through whieli an enemy's vessel must pass 
order to enter the harbor. 

Those mines which are placed in the main channel orentranoe mi 
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be under most perfect control of the operator, since tbey are planted be- 
fore tbe arrival of tlie enemy, and the channel must afford a safe passage 
for friendly vessels until hostile ships attempt an entrance With this 
object tbe apparatus can be adjusted so as to merely give warning if 
t!ie torpeJu be struclc or disturbed in any way, leaving the matter of 
firing entirely to the will of the operator or to that of tbe officer in com- 
^inaud of the defence, who is stationed in asuitable place for observation 
^Kpd in telegraphic communication with the torpedo operating-room, 
^^v By making suitable connections with the shore firing circuits, guna 
ready loaded and aimed over the places where the mines are planted are 
automatically discharged as soon as a mine is disturbed, Ihua preventing 
boat parties from tampering with the system, while the mine itself is 
reserved tor its proper work. Finally, the mine and gun circuits may 
be so arranged that either the mine alone, or both mine and guns are 
automatically discharged at the proper instant upon the attempted pas- 
sage of a man-of-war. 

There are, besides, a great many other details connected with this 

system which cannot be referred to here, but which are, nevertheless, 

important, since the efficiency of tbe entire system depends largely upon 

careful attention to these very details. For example, it is necessary that 

provision be made for accurate electrical tests and measurements, both 

while tbe mines are being planted and after they are established in order 

Hip determine with certainty their condition of efficiency at all times, and 

HP> makelbo best use of such as may give signs of deterioration; and it will 

^De readily understood that with such large charges of deadly explosive 

and apparatus which is necessarily somewhat delicate and complicated, 

the greatest care must be exercised in order to prevent serious accidents. 

^ Movable or fish torpedoes also form part of the shore-defence system, 
in one of the forms of this torpedo adapted to this purpose the 
weapon is propelled through the water at great speed by an electric motor 
connected to tbe propeller- wheel and driven by an electric current con- 
reycd to it from the dynamo on shore through a cable which the tor- 
3 pays out white in motion. The steering ajiparatus Is also operated 
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electrical I J from sliore tbrougb a separate conductor contained in tiri 
same cable, and the charge of dvnamite whicb the torpedo carries is e 
plodeJ either ut will or automatically upon striking the enemy's ves 

Although extraordinary results may reasonably be expected from thfl 
employaaent of tlie electrical torpedo and dynamite gun for coast defencj 
in future wars that may occur, it must be admitted that there is a popit 
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lar tendency to ovei-eslimate tlieir value and the security which theirfl 
use wili afford the country. Granting that they both are now rec 
nized weapons of warfare, it must be remembered that neither one alonM 
nor both together, are able to cope with an adversary fully equippc 
with both these and with other modern weapons besides. To providi 
only torpedoes and dynamite guns for the country's land defence would 
be as great folly as to send an army into tlie field with only tbe moder 
artillery arm, knowing tliat it would have to encounter an enemy armed 
with the same weapon and with the rifle and sabre as well. 
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would be strange, indeed, if so readily controUefl an agent aa 
electriciiy, an Ariel before whom time and space seem to vanisli, did 
not cross tbe tlireshold of our homes and enter into our household 
life. We find, in fact, that the adoption of electrical household ap- 
pliances is daily becoming more widespread, here adding a utility, and 
ire an ornameDt, until in the near future we may anticipate a period 
fben its presence in the homestead will be indispensable. 

The first application of electricity to household purposes was pre- 
sented by the electric bell early in the century, and annunciatora of 
various kinds soon followed. For m&Dy years this was the only con- 
venience it afforded ; but the discoveries of the telephone, the electric 
light, and the electric transmission of power within the last thirteen 
years have given it a tremendous impetus whose ultimate consequeucea 
not yet within view. Even if, as seems unfilccly, these brilliant 
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acbievemeote are destined to stand alone, not succeetled bj further dis- 
coveries, maoy years must elapse before their full use sball have been 
reached ; just as in the case of the pianoforte, which took more than a 
hundred years from ita first invention lo become the common guest we 
find it in the household of to-day. 

In the electric bell, the pressure of the finger on a button brings two 
Btrijo of metal into contact and completes a circuit, forming, as it wer«^ 
au electrical endless chain from the battery through the wires, bell, and 
annunciator. The whole circuit instantly gives passage to a current of 
electricity, and in consequence becomes endowed with magnetic proper- 
ties throughout By means of an acccmulation of wire, as a coil round 
a liorseshoe bar of iron, the magnetism is locally intensified to an eX' 
tent necessary for the attraction of the iron hammer bai', and by a 
simple automatic device the blow on the bell is reduplicated. A simil 
electro-magnet in the annunciator releases by its pull a shutter, indicab 
ing the room whence the call has com& 
No system can be imagined more simple, 
and in spite of many an overtasked bat- 
tery or dust-invaded indicator, it every- 
where holds its own. To put mechaih 
ical pull-bells into a modem dwelling ig 
an anachronism. 

The same principle is the basis 

every annunciator system, with and 

modifiL-ations as improvement in thi 

particular direction of the design may 

have suggested. Even those complex' 

looking annunciators to be met with i 

large hotels, which by means of a di; 

in every chamber enable its inmate 1 

call for almost any common requirement, from a newspaper to tt 

complicated leverage, differ from the general plan only in th«l 

power to signify a particular summous by the aid of a definti 
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namber of successive contacts and corresponding electro-mecbauical 
icapulses. A good example is afforded by the burglar-alami appa- 
ratus. Every door and window through which entrance could be 
forced ib fitted with a simple clip, adjusted to make, ou the least 
opening, a metallic contact which sets an alarm bell in operation, 
and at the same time indicates the room where the invasion is being 
made. By raeana of a small key, or "switch," the battery ia cut off 
during the day. Such a systetn adds greatly to the security of a house- 
hold, and only needs occasional regular supervision, since all the con- 
tacts are necessarily somewhat exposed to dust and moismre. A trial 
once a week is a matter of a few minutes only, and is amply repaid by 
the greater sense of security it gives. It has been said that a burglar 
would soon ascertain whether a house were so guarded, and that before 
opening a window he could, by removing a pane, find means to cut the 
electrical wire connection at the ansh. Tliis objection is, however, 
invalid, for the system can he easily arranged to give the alarm equally 
well for any disconnection so made. 

Another most useful system, on the same plan, controls the auto- 
matic regulation of temperature. How much discomfort and indis- 
position would lie saved in many a household if the temperature were 
constantly maintained in every apartment at the desired point, both in 
summer and winter, independent of irregularities of the season 1 So far 
as concerns our winters, this is quite within practicable limits, while in 
summer the temperature can always be moderated, if not actually kept 
uniform, hy utilizing the controlling power of electricity'. Thus in winter 
time, whether a house be wanned by water, hot air, or steam, it is only 
necessary to place in each room an automatic thermometer which makes 
a contact as soon as the temperature reaches the desired point, and to 
arrange that the contact so made shail electro-magnelicallv cut off the 
supply of heat from that cbamlM;r. The subsequent cooling of the 
room below tie limiting temperature causes the thermometer to break 
the circuit and readmit the heal, and it is only necessary to keep an 
abundant supply in reserve in order to obtain a practically equable 
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temjierature. Such a thermometer, generallj called a thermostat, 
made by riveting side by side two strips of different materials^geni 
ally brass and rubber — which expand differently at the same dej 
of heat The composite atrip so formed ia warped by changes of tenn 
perature, which unequally affect the lengths of the compooenta; am 
being free at one extremity while firmly fixed at the other, the eff( 
of this warping is magnified into an appreciable range of movemei 
at the free end. This enables a contact to tie mafic at any point withii 
that range, while a screw adjustment and dial arrange for the contact 
to take place at any temperature within desirable limits. The parlor 
thermostat can therefore be set at 70° while that in the hall is fixed for 
60°. It is generally claimed by those who have adopted the system 
that a decided saving in fuel is effected, in addition to the comfort 
gained through the absolute prevention of overheating in any partol 
the house. The thermostats are so sensitive as to respond to the chanj 
of a single degree in temperature. The maintenance of the equilibriui 
then, depends on the supply of heal and the facility for its distributii 
through each room when once admitted. 

In the same way, during the summer months, this thermostat cai 
by an additional contact, control the supply of fresh or, if possibi 
ice-cooled air, so as to maintain a pleasant temperature within dooiB. 
Such a system has for two years been in successful operation at a large 
coantry house near Greenwich, Conn. In winter time it is warmed by 
fresh air drawn in through an underground pipe, and heated by pass- 
ing through a reservoir in which a long steam-pipo circulates. Thence 
it is fanned into the different rooms through dampers, each controlled 
eleetro-magnetically by a separate thermostat In summer the water- 
supply of the house, as it comes from deep wells, takes the place of the 
steam in the circulating pipe of the reservoir, and so cools the incoming 
air; the same thermostats adjusting the distribution. In this way the 
temperature is maintained throughout the house at 70° in winter, 
does not exceed 76° in summer; while the ventilation is controlled 
the same apparatus. 







ELECTRIC TIME-KEEPERS. 

The fire-alarm syBtetn depends upon si aimilar thermoBtat set for 
igbet temperatures, usually from 120° to 160". The contact in this 
case rings an alarm bell and indicates the room where there is danger. 
It is hardly possible to overestimate the utility of a well-ai-ranged fire- 
alarm household- ay stem, which makes it possible to extinguish a fire in 
its beginning. Statistics certainly show a marked decrease,- by the use 
of electrical fire-alarm systems, upon the number of serious fires in 
towns; but the conflagrations that have been saved by the timely local 
warniug of domestic apparatus, report can never tell. 

In some town-houses fire is not the only rebellious element over 
which constant watch has to be maintained, water overflow from tanks 
and bursting pipes being almost as much to be dreaded. The Journal 
of the Franklin Institute has called attention to an electrical device which 
is set in operation by a float, the contact so established cutting off the 
water-supply or indicating the danger as soon as a definite level is 
reached. An electric door-opener has also been lately designed by 
which visitors can be admitted without delay. The closing of the door 
compresses a powerful spiral spring, whichistbenheldincheckbya lever 
until the latter is released by an electro-magnetic impulse. The spring 
8 open the door, the latch at the same moment being withdrawn. 



r. 



Of inferior importance to these systems, which guard the safety of 

the household, but yet of great interest and utility, is the clock system. 
Appreciation of time and its value is said to be the test of a nation's 
activity, and it is surely a luxury to see all the clocks in a house keep- 
ing an even pace. There are several methods in use for this purpose, 
and they form two distinct classes, one adopting centralized govern- 
ment, the other local administration. In the former a single clock as 
standard drives all the others electro-magnetically, their operation de- 
pending, entirely on the electricity supplied during its periodic contacts. 
In the latter, each clock is a free and independent timekeeper, whose 
rate, however, is under regular electrical control from the standard, 
lis control may be exerted continuously on the pendulums, but j>er- 
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haps the siraplest and moat satisfactory houaehold system yet tried 
that in which the control is effected once iw each hour. Exactly at the 
hour the standard clock makes a contact, completing a circuit through 
all the controlled timepieces, and electrically exciting a magnet in each. 
In obedience to this impulse, a pair ot arma spring from the dial at the 
figure XII, and meet swiftly in the centre with the minute hand tight 
in their embrace, and vanish the next instant behind the dial, where they 
await the next hourly summons. Each clock is thus mechanically cor- 
rected every hour, as the arms sweep over three minutes' space on each 
side of the true vertical, and the clock that fails to keep time by three 
minutes in the hour may well be submitted to internal examination. 

Another convenience which is sometimes added to a system of time 
regulation is an arrangement for electrically winding up the clocks at 
regular intervals. So long as the electrical supply is maintained, and 
the elock-wnrk continues in proper working order, such a system forms 
as near an approach to perpetual motion as the conditions of our planet 
give us the right to expect 



The electrical time-detector is an instrument much used in large 
buildings over which continual supervision is needed. It serves to 
register the time at which visits are paid to any particular part of the 
premises, and, in fact, successfully solves the problem of keeping watch 
upon the custodian. A dial, rotating by clock-work once in twelva 
hours, carries round a paper disk over a perforated metal plate. Each 
push-button in the house controls, by its own pair of wires, one electro.. 
magnet, the armature of which, on attraction, punches a hole in thi 
paper disk through a particular aperture in the plate. This hole ii 
always in a certain ring marked for the purpose. The watchman going" 
round the building pushes the various buttons on liis way, thus register- 
ing his progi-esB on the paper disk by punclied holes t the rin^ mark- 
ing the buttons and the angular position indicating the time. 



The discovery and Introductiou of the electric telephone has mar! 
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an era in the annals of housebold aSaira, as tbe existence of four hun- 
dred thousand in the United States to-day araplj attests. The economy 
I time its nse has effected is incalculable. Its greatest fault is per- 
laps an occasional tendency to mingle the speech of one interlocutor 
rith the conversation of leaa interested neighbors. Within the limits 
{ a residence, no better interior comniUDicatioD can generally be had 
Alan by the ordinary speaking-tube; but in connection with outbuild- 
a on an estate, the telephone is a great advantage. When several 
ich houses are connected by telephone with the main building, it is 
^ible to arrange that any two can communicate with each other on 
Hie same wire without catling the attention of the rest, a system saving 
much time and trouble. As many as eight telephones are sometimes 
worketl in this way on the same wire, and although only two can em- 
ploy vlaT line at one time, the calling of any particular person is not 
Ilieard by tbe others, 
^ Among the greatest gifts that electricity has bestowed on domestic 
iHfe is the incandescent electric light. There can be little doubt that. 
When experience shall have given confidence in its trustworthiness, while 
pime shall have rendered its many excellences familiar, it will bo adopted 
in all households. It neither consumes nor pollutes the air in which it 
flhines, whereas the ordinary sixteen candle-power gas-burner vitiates 
the atmosphere with its products of combustion to the same extent as 
;he respiration of five persons. Besides, those products ultimately injure 
loks. paintings, and ceilings continually exposed to their influence. 
B the gas-jet develops some fifteen times as much heat as the electrio 
bltnp of equivalent power, the latter adds greatly to the comfort of a 
I warm weather. In the nursery it is particularly welcome, for 
it requires no matches, cannot set fire to anything, even if deliberately 
broken while lit, and effectually checks the youthful tendency to ez- 
leriment with fire. 

In addition to this, its complete amenabiHty to control, and submission 
b all change of position or equilibrium, render it everywhere admirably 
lapted to tbe purposes of adornmeut^ Some of the most charming 
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effects can be produced by good taste id tbe choice of centres of illami- I 
nation, together with appropriatesurroundinga In the parlor an illumi- 
nated painted vase, lighted from within, may vie in attractiveness with , 
the pictures on the walla, whose colors are almost as readily appreciated 
by incandeaeeiit as by day light, while opalescent globes of varied 
shade tone the brightness everywhere into subdued harmony. In the | 
billiard room the table is brilliantly lit, without danger of soot or oil 
marring the baize, and on the veranda the lamps shine heedless of the I 
winch A very pretty effect can be also proiluced in conservatories, by 
suspended lamps of diilerent colors half hidden in the foliage. ' 

The electric light can also be made to give a very beautiful effect in 
illuminating garden fountains. For this purpose a chamber has to be 
excavated beneath them, and immediately under the jet a thick plate o£ 
glass is inserted, water-tight. An arc-lamp directs its light directly I 
through this plate into the column of water rising vertically above it, I 
and the enclosed air, together with the broken aurfaceq of the jet, scat- | 
ters this light in all directions, thus giving the liquid the appearance of J 
being self-luminous. The color of the illumination is varied by means J 
of tinted slides passed horizontally beneath the glass plate in the roof of 1 
the vault A very handsome display of this description was made at 1 
the Paris Exbibition this year. 

The steps in the development of an incandescent lamp during mauu- I 
facture have been traced in the chapter on "Electricity in Lighting." 
When the completed lamp is placed in circuit, the carbon (ilamenCi 
conducts electricity but only imperfectly, and tbe latter thus requires a I 
certain pressure to force it through the lamp. The work done in over- 1 
coming the resistance so offered is developed into heat proportional tol 
the square of the velocity of flow. The frictional opposition of a pipei 
to the passage of water it conveys, generates heat at greater rate than I 
the square of the velocity ; but these two cases of motion present many! 
analogies, although the pipe deals with the transmission of matter itself j 
while the filament deals with the transmission of a condition of matterf 
only. 
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At a certain electrical pressure on the filament the right quantity of 
dectricity flows througb it to bring its temperature to the incandescent 
point of due candle power. At this pressure the lamp will last prob- 
ably two thousand five hundred working hours. If our beat microscopes 
iiad a magnifying power perhaps ten thousand times greater than that 
ihey now reach, and it were possible to subject the glowing filament to 
;jtheir examination, we might expect to find the ultimate particles or mole- 
les of carbon vibrating and colliding with an i ntensity that now baffles 
le imagination. We can fancr that at the surface of the filament an 
occasional molecule, projected outward with more than usual force, would 
bound beyond the range of retractive influence, and be hurled past re- 
call (like the celebrated projectile of M. Jules Verne) against the distant 
inner surface of the glass globe. Gradually the latter would be dark- 
led by the thickening meteoric accumulation, while the filament 
would weaken, as its dwindling substance (enduring such tremendous 
internal commotion) suffered structural decay, until at some point 
disruption would ensue, followed immediately by loss of conduction and 
:tinction of the light 
The greater the electrical pressure brought to bear upon the lamp, 
higher the incandescence attained. The lifetime of a lamp, endowed 
the outset with average vitality, thus depends entirely on its treatment, 
id can be made almoat what we please, from a few moments to even 
lany years, according to the degree of incandescence it is called upon to 
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In fitting up a house with the electric light, a little eonsideration is 
required to obtain the greatest convenienca The switches by which the 
lamps are turned on and off should usually be placed just inside the 

IT, where they can be reached on entering or leaving the apartment. 

the bedrooms, however, they should lie suspended from the ceiling in 
'Bach a manner as to be accessible on first entry, over a bracket by the 
door, and then movable to within easy reach of tlie bedside : or, better 
stillj there may be two alternative switches— one at the door and the other 
iy the bedsteaiL One test of a well-designed inatalhitina is t' 
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bouseholder should be able lo visit the entire building, commencing with 
,he hall door, from attic to cellar and back, without once being left in the 
dart, or ]ea\"ing lamps burning on any floor behind him aa he makes tba- 
ioiirney. A good plan, that has been carried out in more than one in- 
stance, is to have a spare lamp in each room under sole and direct con- 
,rol of the burglar and fire-alarm systems, in such a way that the forcing; 
of any window, or any dangerous excess of temperature, may not only 
ng the alarm, but also light up the whole house. 

In many cases where electricity ia not itself the illuminant, the eleo- 
xie spark is often adopted for the purpose of lighting the gas. In 
;heatres, for example, a frictional electrical machine is employed which, 
when rotated by hand, is connected in succession to the various wires 
leading to different jets or clusters, and the sparks, passing between 
;wo metallic points set close to the burner, ignite the gas. Similar 
arrangements on a smaller scale are in household use. The pull on a 
pendent chain or the pressure on a button allows the cnrrent to pass 
from a battery through a small induction coil, the spark of which 
flashes at the burner. 

The most, ingenious apparatus of all, however, is the hand gas-igniter 
which, without any battery, produces a spark between two points in ita 
tip on the simple pressure of a button on ita side. Thiscompacl instrui 
ment is, in fact, an electrical rotating influence machine (acting on similar 
principles to some of the most powerful generators of high-tension elec- 
tricity), and it is difficult to realize that this safe and simple apparatus 
can produce sufficient electricity to tight the gas, when the electrical 
pressure between the points at the moment of emitting a spark must be 
many times greater than that exerted upon an incandescent lamp. Ita 
operation depends upon the rotation of an internal cylinder which causes 
the initial charge to be augmented at a rapid and increasing rate until 
the tension is sufficient to create a spark between the opposed points. 

The transmission of power is another application of electricity 




SMALL MOTORS FOE DOMESTIC USES. 



which has practically been evolved only within the last decade, and 
which is stilt in its infancy. Its uaefulneaa in the household is second 
only to that of illumination. Ignorant as we stilt are of the real nature 
of this marvellous agent, we know at least that electricity implies power ; 
■•aU the evideucea by which we are rendered sensible of its presence are 
Hnanifestatioiis of energy. 

m The electric motor is the machine by which etectrical power is ren- 
Kered mechanically available Its principle is entirely magnetic; the 
Riuli that a wire conveying an electric current is seen to exert upon a 
hompass needle in its vicinity being here enormously intensified by 
Buving a large horseshoe electro-magnet for the compass needle, and 
nBany turns of wire close up within its grasp instead of the single con- 
■fuctor, The revolving cylinder of separated copper segments on which 
Hie brushes rest, called the commutator, is nothing more than an elec- 
Hric treadmill, by which the current is cut off each wire in turn as it 
Beaches the point of most powerful attraction, so that the current is 
■tiwaya kept advancing toward the magnetic pole, but never reaches it. 
■ The qualifications which peculiarly fit the electric motor for house- 
Kold use are its compactness, perfect control, silence, and cleanliness. 
Hi ia a wonderfully compact piece of mechanism, for in domestic sizes it 
Bieighs under one hundred pounds per horse-power, and its amenability 
Hd control is evident from the fact that the turning of a switch will stop 
ftr start it. One great secret of this compactness lies in the fact that 
Wfbe motion ia rotary, and not oscillatory like that of a piston; hence the 
K«at speed it can attain, as also the absence of jar and noise in its work. 
WL small motor may thus become an ornament, as well as a useful in- 
^■nunent The illustration, on page 250, shows a Diehl motor attached 
^B& sewing-machine spindle In any house supplied with the electric 
Bght it is only necessary to connect the motor with the electric mains, 
^pce a lamp, and turning the switch seta the machine at work, thereby 
HiVing the hundredth part of a horse-power, which is the usual amount 
HL^^gy needed to drive it by treadle, not to mention the comfort 
^^■■^■3 nerve-force conserveil. ^^1 
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As another example of ase and ornament united, circular fani 
driven by motors are not uncommon, and are luxuries in hot we 
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ftrbeQ even tbe exertion of waving a fan connteracts tlie ctnnfort eo 
■daced. 
Tbe electric motor is destined to enter largely into tlie operatiou of 




Leleratora in town-housea, all its good qualities being in tbis case shown 
[ to advantage. In dwellings supplied with tbe electric light it is only 
■ secessary to fix in position a motor fitted with the iTfjiiii^ite (e 
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and connect the same to the elevator with wire ropea, the power being 
taken direct from the electric mains. In this respect, also, elecCricilv, 
as a power-distributer, contrasts favorably with other sources in tbt 
reach of modern engineering. For, if elevators were to be operal^^l 
from a centra! station by hydraulic power supplied to each house 
through pipes, then an elevator in motion would take as much energy 
from the station when empty as when fully occupied by passengers— 
unless, indeed, complicated devices were introduced to avert this waste. 
The electric motor, on the contrary, would, if propei'ly selected, only 
draw from the mains the proportional amount of power required for the 
load to which it was subjected, in addition to what little it expended la 
overcoming the friction of its own mechanism, and consequently, ao far 
as the supply of power was concerned, would be much more economical 

Another suitable task for the electric motor in country-houses il 
pumping. Where water lias to be elevated from wells or cistema W 
tlie attic level for household distribution, art and science lend the 
means, while electricity supplies the power. By the use of the rotary 
pump, the plant, which may be placed in the cellar, can be made won- 
derfully compact and quiet in its performance. How vivid is the con- 
trast between this simple apparatus and the blindfolded horse, that, for 
the same purpose, has so often been condemned to describe endless cir- 
cles, with along trail-beam as radius and a well as centre. A float in 
the reservoir above breaks a contact as soon as tlie level of water there 
has reached the desired limit, and so automatically stops the tnol 
until further supply is demanded. 

In the same way motors have been applied to lawn-mowers, to 
carpet-sweepers, to shoe-polisbers; and, in fact, there is no household 
operation capable of being mechanically performed, of which, through 
the motor, electricity cannot become the drudge and willing slave. 
has even been applied to serving at tabl& A miniature railroad trat 
runs round the table within easy reach of each guest, and thence, 
ornamented trestlework, to the wall, disappearing through a sh: 
The dishes, as electrically signalled for by the hostess, are laid on 
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THE EDISON PHOXOORAPn. 

tmc¥tt'fitted with tiny motors, and are started out from the pantry to 
the dinner-table. They stop automatically before each guest, who, 
after assisting himself, presses a button at his side and so gives the car 
the impetus and right of way to his next neighbor. The whole jour- 
ney having been performed, the cars return silently to their point of 
departure. 

The electric motor is also perhapa the most nearly perfect means 
known of obtaining steady, smooth, and continuous mechanical motion, 
and lar^iy, with this object in view, it has been introduced into the 
Edison phonograph, an instrument destined to play the very important 
parts of music preserver, recorder, and amanuensis in the household of 
the futura On the surface of its cylinder the delicate wavelets that 
the voice has impressed sometimes cannot exceed the fifteen- thousandth 
part of an inch, and on their ilue representation in vibrations of the air 
the reproduction of the stored-up sound has to depend. The electric 
motor enables all these to be reproduced in a manner that would not be 
possible if there was any unsteadinesa or tremor in the movement of 
^^^e working parts. 

^^h The motor also supplies parlor organs with air, and has been applied 
^^Bautomatic pianos. A bright prospect also opens (or the application 
^^M electricity in country-houses, in the direction of artificial horti- 
cultura Among the conditions that differentiate vegetable and animal 
life there seems to be this remarkable fact, that plants do not essen- 
tially require sleep or periods of intermittence in growth and activity. 
This is evidenced by the continuous and rapid growth of plants in the 
far north during that brief but happy summer in which the sun never 
sets. The electric arc lamp has been found, by the late Sir William 
Siemeus and others, to practically replace the sun in its effects on plant 
life, over a somewhat contracted range, so that an extensive conserva- 
tory lit by powerful arc lamps would be efficiently supplied for night 
growth by some two candle-power per square foot of area. A hot- 
house in reality artificially represents latitude in all respects save s 
ligh t, which the electric light ia ready, in part at least, to replat 
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Public attention has latterly been drawn to the question of eJecl 
heat-BUpply to iiouses, and it has been frequently supposed that tb 
apparent novelty of the plan favored its commercial success. The fat 
is, however, that of all the practical applications of electricity there ai 
none whose limits and poasibililiee are more clearly defined and betl 
underfltood than heat distribution, for the simple reason that it hi 
been attentively studied for the last ten years. This is apparent froi 
the fact that the problem and task of electric lighting is, primaril^ 
esaentially, electric heating. Almost all the energy supplied electrically 
for the purposes of illumination is dispensed in the form of heat, aa< 
this heat la expended with the maximum economy that the engineering 
of the day permits in maintaining our carbon filaments at incandescent 
tem|>eratur& Despite the high economy in the consumption of power 
that the electric lamp possesses in comparison with combustible eoui 
of illumination, it has lately been shown, by experiments at Coi 
University, that only some five per cent of this heat is yielded in rays 
of light, the remainder (at present essential to securing this result) 
being spent in raising the temperature of the air and surroundi 
objects. Consequently, whatever improvements the art of elect 
lighting may effect in economizing this large heat expenditure, ai 
raising it into visible radiance, science appears to have determined that 
a given supply' of electrical power can only yield the same amount of 
heat that it now develops in passing through our lamps. One form 
of electric heater operating within narrow limits might bring a piece 
metal to melting-point, while another only slightly raised the tem] 
tnre of a large volume of water; still, the total quantity of heat devel 
oped in each for a given supply of electrical energy would be preciseli 
the sam& The only economy that can be looked for in the distriba< 
tion of heat lies, therefore, in saving the waste incurred by forcing elec- 
tricity through the mains, and this is a margin that modem engineering 
has already rendered comparatively narrow. 

Heat, being already distributed electrically on a large scale to houi 
for the operation of incandescent lamps, can be, and already hag 
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I for heating purposes exclusively. The difficulty o£ carrying 

rat this plan on a large scale, in order to replace bouseLold Btovea and 

!arnaces, is a purely economical one. The question ultimately reached 

, whether labor can be saved to a community if al! the coal neceesarv 

■for their heat-supply through the medium of electricity be burned in 

one central station, and the electrical power bo obtained dialributed 

generally, instead of continuing the usual custom of burning the coal in 

ich house locally. On the one hand, the local process of combustion 

B at present a wasteful as well as a dirty one, most of the heat escap- 

bog by the chimneys; while, on the other hand, the steam-engine la 

■y in the central station to convert the furnace heat into elec- 

bicity, and the best modem engines are ouly capable of utilizing twelve 

L of the heat developed from the combustion of coal under their 

toilers; bo that, when the machinery and conducting system of mains 

^ire taken into account, the verdict (notwithstanding household amoko 

and waste) has been hitherto s^ainst the economic possibility of the 

electrical distribution of heat on a large scale But every improvement 

iffected in the machinery for the conversion of furnace heat into c!ec- 

ricity, every advance made in the progress of electrical engineering, 

ftiodifies in proportion the balance of advantages in this great social 

roblem, and it is well within the reach of possibility that electric heat- 

i; may be as successful at some future date as electric lighting itself. 

)W there are many occasions where heat is requirefl to be applied 

fery locally, in culinary purposes, for instance, and where the cleanli- 

a and convenience of the electrical method might outweigh the objec- 

i of slight extra expense. The advantage to a man whose duties 

bira out during the night of being able, from his bedroom, to set 

1 electric eoffee-beaWr at work in his dining-room, so that by the time 

B is ready to leave the house he finds hot coffee awaiting him, and all 

bithout arousing any person in the house, far outweighs the throe or 

pur cents for electrical power that the beverage has probably cost him. 

pmilarly, there are times when a foot-warmer is worth many times over 

!iiae of electrically preparing it at a few minutes' not 
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Both of these commoditiea are in actual use. The stove ia an orn 
mental case enclosing a coffee-pot, or, in another form, it may be 
kettle in an asbestos lining, round which circulate coils of wire, the', 
passage of the electric current through these coils generating the beat. 
Ill one convenient form the current that would feed fifteen ordinary 
incandescent lamps will produce hot coffee in ten miuutes. 

For the working of all the electrical household appliances that havs 
been mentioned some source of electrical supply is, of course, required, 
and the best to adopt must depend upon the position of the house, its 
size, and the precise amount of duty that electricity will perform in it 
The different bell-annunciator and alarm systems generally require 
surprisingly little power to operate them, and no difficulty will be found 
in supplying each system from a battery ; or it may even be possible 
to let one battery suffice for alL Three or four cells of the Leclanchd 
type will sometimes work a bell system continuously for two ji 
■without any attention, but it ia always well to replenish a battery in 
lime before its activity is exhausted, lest at some important moment) 
it fail in its duty. 

When, however, it is desired to supply a house with electric light, 
heat, or motive power, batteries for these purposes, unless on a very 
small scale, are hardly to be recommended. In the first place tbey 
would necessarily be troublesome to maintain, and in the second they 
would, in the present state of the art, be very ca'ttly. Power is ob- 
tained from a battery by the slow combustion nf the zinc in its plates, 
and as metallic zinc is not found like coal, ready prepared in natui 
the process for obtaining it is by comparison expensive. Probably i 
battery in existence can furnish electrical power al theoretically less 
than twenty-five cents per horse-power per hour in material alone, 
while actually the best cost, as a rule, thirty-flve cents; and a horse- 
power ia well applied locally if it gives illumination equivalent to two 
hundred candles. The only prospect lliot seems open to the extended 
successful application of the primary battery to light and power is ia 
the possibility of its chemically producing, during its work, compounds 
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buildings, may aometimea be lighted advantageously by a li 
plant, but for a town dwelling a separate engine and dynamo is gei 
erally out o£ the question. The great convenience attending deo^ 
trical supply from the street mains is the absence of all batteries 
and their attendant requirements. The arrangement of the different 
interior systems on this plan is illustrated in the accompanying dia-' 
gram. | 

The diagram [p. 259] shows that the house maine receive their supply 
through a meter which keeps a register of all the electricity traversing 
it. The electricity on entering the meter has two path8 open to it, one 
by wavy metal strips above, and the other through coiis of wire and 
bottles beneatli. The proportions of these are po arranged that the 
strips conduct, let us say, one thousand times better than the coiU 
and bottles, and, as electricity always divides between two paths in thi 
exact ratio of their conductivity, the quantity which passes through th< 
strips will be just one thousand times as great as that passing through 
the bottles. These latter are filled with a weak solution of zinc sul- 
phate, and each contains two zinc plates about one inch square. In 
obedience to laws discovered by Michael Faraday fifty-five years ago, 
the electricity which passes through this bottle from one zino plate 
across to the other through the solution, causes a certain quantity 
zinc to be dissolved from the plate it leaves, and the same quanti' 
to be deposited on the piate it reaches— the quantity of metal 
transferred bearing an invariable hnown ratio to the electricity thi 
has passed. These bottles are removed and replaced every montl 
and the change of weight in the drieii plates compared after the laj 
of that term. The amount of zinc found to have l)een transferi 
then determines the quantity of electricity that has passed througl 
the bottle, and one thousand times this quantity has entered the houi 
through the metal strips during that time. There is thus no macbinei 
to get out of order, no moving parts to clog, or friction to overcoi 
and with the bottles exchanged every month the meter itself is almi 
ini[jerishable. 
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For coontry-hoases beyond the limits of central-station distribu- 
tion, electricity must be locally produced to furnish light and power. 
For installations not exceeding fifty lamps, the gas-engine advanta- 
geousty rejdaces steam when coal gas is obtainable at a moderate rate, 
as there is then no boiler, and less attention is also required. A gas- 
engine and dynamo in a bam or neighboring outhouse form a very 
convenient electrical supply, and, as a matter of fact, a given quantity of 
gas so burned in a good engine not only expends its vitiating products 
of combustion out-of-doors, but will also yield from twenty-five to thirty 
per cent more illumination through the medium of electricity than 
when furnishing light directly. That is to say, the electric lamp is so 
much more economical in energy that it gives this excess notwithstand- 
ing the necessary loss in the engine and dynamo inherent to the con- 
version of heat into electrical power. 

The mistake is sometimes committed of sealing up wires in the 
plastering of walls, as though they were not liable to a mortality from 
which even the electricity they convey does not render them exempt 
It is certainly best to have wires placed out of sight, but where access 
to them, can always be had if needed; and generally, if an electric 
system is worth introducing into a household, it is worth carrying out, 
not lavishly, but thoroughly and well. It is also unfair to suppose that 
an appliance needs no supervision or repair because it is electrical. 
Every such instrument is essentially of mechanical nature and inevi- 
tably subject to the requirements our knowledge of nicchanisni leads us 
to expect. On the other hand, when proper care and judgment have 
been exercised upon the introduction of these appliances, the superior- 
ity of electricity for domestic purposes over every other known power 
(even in the matter of independence from supervision) is incontesta- 
bly exemplified. 

Nor is it to be supposed that any of the applications above alluded 
to are visionary, for all are in actual use. Some are still regarded in the 
light of luxuries, it is true, but almost all necessaries were once in that 
favored class. Even tobacco is regarded to-day as a necessity of exist- 



260 ELECTRICITY IN THE HOUSEHOLD. 

ence, and if history tells truly, table knives and forks were luxuries of 
the most extravagant type two hundred years ago. 

Considering, then, that the household is in itself the condensed 
history of a nation's past, the centre os its present, and the cradle of its 
future, it is doubtful whether, among the many triumphs of the age that 
electricity may claim, any can be quoted of brighter renown than the 
rapid progress it has already made in the cultivation of the arts of life, 
and its adaptation to the needs and graces of the household 
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THE effect of electricity upon the human body has in recent years 
become a subject of interest both to the general public and to 
scientific observers. It is one which is continually forced upon the 
attention by the reports in the daily press of accidents due to strokes of 
lightning, or to contact with electric wires on the streets; by the re- 
cent adoption of electricity as a means for executing criminals ; and by 
the extravagant claims of the curative powers of electricity in disease. 
The actual changes produced in the body by this form of energy, its real 
effect in the treatment of maladies, together with the aid which electric 
apparatus can render to physicians, have received careful investigation 
both by physicists and physiologists. Even the insane are under the 
mysterious spell, for witchcraft has given place to electricity in the de- 
ranged imagination, and it is the voice of the telephone which is now; 
beard by the lunatic who formerly complained of the suggestions of the 
devil 
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The general interest in tbe subject, therefore, has made it proper W 
include in the present volume one chapter upon the relation of electriciw 
to the human body. And this may be of service not on)y by summing 
up what is definitely known as the result of recent scientific investig* 
tions, but also by clearing away some of the mysterious and erroneous 
assertiona of those whose interest it has been to deceive the unwary. 

In the preceding chapters it has been shown that electricity is one of 
several forma under which energy becomes appreciable, and that, like 
heat, light, or work, it is measurable, and cau be produced by or con- 
verted into other forms of energy. 

There are several manifestations of electrical energy which, tbongh 
all one in their nature, must be distinguished from one another in theil 
application to the body. 

These are known as frictional or atatic electricity; currentor voltais 
electricity, commonly termed Galvanism; and induced electricity, 
Faradism. Each of these forms of electrical energy is produced in 
different way and has its peculiar effect upon tbe human organism. Each^ 
therefore, must be considered by itself. 

L Frktional or static electricity is the form which is proiluced by thtf 
friction of bodies which are by nature in a different electrical stat& If 
one walks across the room without lifting the feet from the floor, on ft 
dry day, and then touches any metallic object, a spark flies from tha 
finger to the object Kvery one has experimented in lighting the gas i& 
this manner. The effect is due to the fact that frictional clectricitv haa 
been generated in the body by the rubbing of the feet on the carpe^ 
and that tlie dry state of the air has prevented its immediate diffusii 
from the body into the surrounding atmosphere. If the air is damp 
such diffusion occurs so constantly that no accumulation in Ihe body ii 
possible, and hence on a damp day one cannot get a spark from tbs 
finger. The amount of energy in the spark is proportionate to the ex- 
penditure of energy in friction, for one will get a larger spark by walk' 
ing twice across the room than by walking but once, and by rubbing tbfl 
feet along tbe carpet instead of stepping lightly. The same effect can hi 
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produced by holding one's bands against a revolving glass ball, a methi 
of obtaining friQiional electricity pointeil out by Uawksbea Witboul 
Action no spark can be obtained, and unless tbe metal be touchcfl ah 
(oon as the friction is made no spark will fly. This showa that ordiuar- 
iJy tite body is not in a slate of electrification, and that even after being 
■nbbed it Boon returns to its natural, indifferent state. The body can- 
lOt be kept in a condition of electrical tension because of the constant 
diffusion of electricity from it into the air or into tbe ground. Thort'fore 
H pemianent storage of electricity in the body is impossible, unless it be 
Btrefuily insulated. This can only be done by placing a person on a 
higli chair with glass legs, and by having in the room some dishes con- 
Moing sulphuric acid, which absorbs moisture from the air. Under 
these conditions, if the l)ody be rubbed vigorously, frictiotial electricity 
■will be piodueed and storetl up, as it cannot escape. But the moment 
tbe person rises from the chair, or touches any object in contact with the 
earth, a spark passes and a slight shock ia felt; tbo tension is relieved 
and the natural condition is restored immediately. Instead of general- 
iog the static electricity on the person by direct friction, it is more con- 
venient to convey it to the body from a frictional machine under the 
Bame conditions. This is the common method of applying static eleo- 
tricity, and almost every one has at some time " taken sparks " from such 
'8 machina While the sparks are passing, various sensations are per. 
Oeived and effects noticed, but as soon as they have ceased there appear 
O be no permanent results from the application. 

Almost all substances are capable of being put into a slate of elec- 
irioal tension by friction, but when charged they do not always actalike. 
The experiments described in the first chapter have demonstrated that 
tbere are two opposite electrical states produced in objects, one termed 
for oonvenience positive, the other negative; and it was also shown that 
in object in one of these states attracts objects in an opposite state and 
repels those in its own state. 

Thus, if a pith -ball hanging by a thread and attracted to the gUssrod 
I, by contact, charged with positive electricity from the rod. 
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once jumps away from the rod, being repelled from it because it Is now 
in the same electrical state as the rod. In the same way the hutnan bodyJ 
like the pith-ball, can be charged with either positive or n^ative ele( 
tricity, and while insulated after being thus charged, it will attract thiiij 
in aa opposite state and repel things in a likestate. 

It is known that when the body is put into an electrical state by 
friction the hair rises and stands on end. This is because the body and 
the hair, being in the same electrical state, repel each otlier, and as the 
hair is easily moved, it rises. The same repulsion is felt by the air about- ■ 
the b<xly, as it becomes charged by diffusion from the skin ; if the body J 
is rapidly charged the movement of the air about it maybe rapid and b 
felt as a breeze. This is the same as the electrical breeze whicli &o\ 
from the points of an electrical machine, and which may be made to bio* 
out a candle or turn a little vane. There is no more curative power ii 
the electrical breeze than there is in any draught of air, although tbw 
most absurd statements of its effects have been made. 

But if the amount of the electric charge is too great to pass off thui 
easily into the air, an occasional spark will leap from the body to any 
near objectwhich is not insulated ; and, in fact, if theexperiment be per* 
formed in the dark, one may see innumerable little sparks coming froin 
the hair, so that there appears to be an electric halo about the bead. 

Careful experiments have shown that /rictional electricity resides od 
the surface of the bodies which are chained with it. Thus, if an insui 
latetl metal ball be covered with two spherical disks and then char;^ 
with electricity, it is found that when the disks are removed they con-fl 
tain all the electricity, and the ball beneath them has none at all, Thif 
same is true of the human bt>dy, and therefore frictionai electricity nevei 
penetrates beneath the skin, or produces directly any effects upon thd 
deeper tissues. But it may produce indirect effects. The skin is, oq 
course, very sensitive; and any sudden cbange of electrical state pro 
duced in it, such as the giving of sparks, causes a decided irritation a 
the surface. This is appreciated by pain at the ]K»int from which thd 
epark jumps, and if the spark be large it may burn and raise a littli 
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The degree of irritation depends upon the amount nf etectricitj 

discharged from the point of skin. Thia may be so great as to burn 

riously or even to destroy life, as is seen when one is struck by light- 

sing- Now, any irritation upon the sensitive nerves of the skin, whether 

By a spark or a andden blow, sets up a nervous Impulse which is 

tarried along the nerves and which causes a number of effects. One of 

e effects is a sudden movement of the irritated part. One suddenly 

»wa one's band away from a lighted cigar before one realizes what is 

toocbed. Another effect is the reddening of the skin, which is a sort of 

revision of nature to counteract the effects of any destructive process 

increasing the nutrition of the part injured. And the third effect ia 

■us perception of a sensation which leads to a train of thought 

■d a state of emotion pleasurable and invigorating, or painful and de- 

»iDg, as the case may be. The electric breeze is rather pleasant, 

while sparks are decidedly disagreeable. Hence, even though the direct 

effect of frictiona! electricity may be limited to the surface, its indirect 

effects may be general, 

^K. But the same kind of indirect effects may be produced by any mild 

^Hrritation of the skin. The general effect of static electricity is, there- 

^Bbre, about the same as that of a cold bath, or the muscle-beating of 

^^tbe Swedes, the lomi-lomi of the Sandwich Islanders, the whipping 

^^rith twigs in a Russian bath, the needle-douche of a Turkish bath, or 

any other sharp mechanical irritant All these agents stimulate the 

circulation, and produce a sense of refreshment which is harmless, and 

I ay even be beneficial. There is no mystery about their action, and 
> very marked curative effect in disease. And there is no special 
krative power in static electricity which is not common to them all. 
There is certainly something rather startling in having sparks 
^lied to or drawn from the body. And this has led to the employ- 
ent of static electricity to produce marked mental impressions. In 
the present day, when "mind cure," "Christian science," and "hypnotic 
suggestion," are discussed on all aides, it needs no argument to prove 
B interaction of mind nnd body. Anv one whose toothache has 1 
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bim at a dentist's door, or whose digestion baa been deranged hf 1 
anxiety, can teatify to the facL And tbe decided effect of expectant 1 
attention in modifyiog slight functional disturbances is admitted b_7 I 
every one, and may be honestly employed in the treatment of disease,'] 
It is not surprising that id some maladiea an agent so startling and! 
impressive as electrical sparks should be employed to excite the ex-<l 
pectation of cure. In hysterical persons, whose ailments are due to a I 
deranged imagination, it often suffices to impress the miod with aJ 
positive persuasion that tbe agent employed is able to cure, and thai 
effect ie obtained. How strong tbe effect of this persnasion may be iql 
witnessed by the almost universal belief during the middle ages of tbsl 
efficacy of the royal touch in the euro oC the "king's evil;" to say.| 
nothing of modern miracles. If mystery can be invoked as an aid ina 
the treatment of these imaginary affections the cure is more certain tdH 
follow, for the stiite of expectitncy is heightened. It is not surpri&iog^ 
therefore, that the supposed mysterious powers of electrical sparks' 
should have been extolled for tbe purpose of impressing the mind. 
Nor is it to be wondered at that without any deception favorable re-_ 
suits should have followed the use of static electricity in the bands o 
physicians who can distinguish the class of cases in which it is likeljb 
to be successful. But such results are wholly indirect and due I 
mental expectation, and should not be ignorantly ascribed to the aotioal 
of the electricity. And a knowledge of this fact should prevent tbol 
abuse of the agent, or any expectation of a curative power in reftlj 
organic and serious disease^where it cannot be of service: 

If the electrical condition of the body remains for a time different 
from that of the surrounding atmosphere, as it may on a dry day, it is 
supposed thai the state of tension produces an indefinite feeling of 
discomfort. Such a sensation is often complained of by certain pereons 
just prior to or during a thunder-shower. Some, indeed, are quite 
prostrated by the occurrence o[ an electric storm ; and the susceptibility 
oE nervous persons to changes in the weather has been ascribed to this 
cause, though it is often due to a peculiar reaction of tbe body to dsmp* 




ueas ratLer tliac to electricity. That persons in a state ot illoess are 

more liable to notice such slight electrical changes in the atmosphere 

^Klhao those in health is a well-known fact, and it is certain that those 
^^■rho siiSer from neuralgia are especialW sensitive. 

^^M IL Current or voltaic eJ-txtricity is different from static electricity in 
^^Bh mode of production and in its effects. It la produced bj chemical 
^^bjtion in a battery, the work done by the expenditure of energy in the 
^^Bbemical process being partly manifest by the electrical state produced 
^^Bi the elements. There is more or less chemical action going on 
^"■constantly in the process of nutrition within the body, and therefore 
the boily may be looked upon as a sort of battery for the production 
of electricity. But the amount thus produced is far too small to be 
appreciable except by the most delicate tests, and may be disregarded. 
"Whenever, by chemical action, two elements are nimultaneously put 
I a atato of electriGcation it is found that their electric condition is 
mlike, and if they be joined together there is a tendency for the 
pfference between them to be equalized by means of the passage 
; the line of connection of a so-called current. Thus, if a cop- 
r cent be laid on the tongue and a silver quarter place<l under the 
bngue, their edges in contact, a current paase^i through the tongue, 
I is perceived as an acid taste. Or if pieces of zinc and of carbon 
9 placed in a tumblerful of dilute sulphuric acid, and their free ends 
be joined by a wire, it is found that as the acid attacks the zinc a cur- 
rent l.iegins t-) pass along the wire from the carbon to the zinc 
^^^nd this current may be so intense, if the acid is strong or the zinc 
^^Hate is large, as to attract the needle of a compa^, or to heat the wire 
^Hed-hot It is not necessary to suppose that anything is actually run- 
ning through the wire— as the term current might imply — but only 
that a change of state is taking place in the wire which lends to pro- 
igate itself in a definite direction from the carbon toward the zinc 
I that the wire be cut in two, its ends attached to sponges, 
I the sponges laid upon the body; then this change of atate wbiott^ 
1 place in the wire attached to the carbon up to its point of ooi' 
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tact with the Bkin is propagated to the other wire through the body,' 
and the [Darts o£ the body between the two 8ix>ngea are put in the same 
9tat6 as the wire. It is then said that a current is passing through 
the body. And just ae the wire was heated by the current, so tbi 
body may also be heated or otherwise affected if the current is suffl 
cieutly strong. Wire is found to assume this change of state easily,";* 
and hence it is said to be a good conductor. The body, however, 
does not, and hence it is said to resist the action of eiectricity, or to 
be a bad conductor. How bad a conductor it is may be judged £ 
the fact that under the most favorable circumstances it offers as mucli 
resistance to the passage of a current as. does three hundred miles i 
ordinary telegraph wire.* It is evident, therefore, that strong ourrentB^ 
have to be employed in order to affect tijs body at all. It is foundf 
however, that the chief resistance to the passage of electricity is offers 
by the skin, f which is practically a non-conductor, and in order I 
overoonie this it is necessary to keep it warm and moist with a solutioi 
of salt, or else to penetrate it with needles and apply the electricit 
through them. The former of these methods is the one commonlj 
employed, and even then the resistance of the body amounts to abou 
two thousand five hundred ohms. The tissues beneath the skin offee 
resistance in different degrees, the .muscles conducting much mop 
readily than the nerves or the bones. It has been supposed that tb 
electricity in passing through the body is generally diffused througl 
the tissues between the poles. But there is no reason to believe tba 
the human body acts like a homogeneous mass, and it is probable tb^ 
electric currents uniformly pass along the lines of least resistance 
There is every reason to believe, therefore, that when a current is sen 
through the body it is not uniformly diffused in the tissues, but p 
chiefly through the muscles and blood-vessels, which offer the lei 
resistance, and affects to a slighter extent the nerves, and leaat of a 

* The resistaliGe o( the body is about two thousaad five hundred ohms. A milfl i 
TSo. 6 iron wire has a rraiBtano? of 8,54 ohnia, 

\ The dry Bkin has a raeisunce of about one hundred thousand ohms. 
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the central nervoua system (the brain and spinal cord), which is pro- 
tected by its bony covering. In order to reach the nerves the current 
moat be specially applied to them. An illustration will make tliia 
clear. If from a reservoir several pipes lead out, some of which are 
full of rubbish and others free and open, it is evident that much more 
water will flow through the open pipes than through those which are 
obstructed, and if it is necessary to wash the latter clean, acme pumping 
apparatus is to be used, op by closing the other pipes a great pressure 
o£ water in the reservoir must be secured. The same thing is true of 
the passage of electricity through the body. It will pass along the 
easy ways, and as it is impossible to concentrate accurately its action 
upon any one set of tissues, its effects must always be uncertain. 

The amount of electricity sent through the body is measured by a 
galvanometer* exactlyas currents in wire are measured. But the body 
is so sensitive that only a few thousandths of au ampfere of current can 
be safely borne. When it is remembered that several hundred amperes 
pass along the wires of an electric light the danger of receiving a cur- 
lent from them becomes at once evident 

When a voltaic current is passing through the human body three 
different effects are produced, which are termed respectively catalytic, 
cataphoric, and electrotonic. 

(I) Catalytic effects. A current of volLiie electricity, when sent 
through a compound substance, decomposes it into its elements, and 
the action is termed electrolysis or catalysis. Thus, a current sent 
through water splits the water up into hydrogen and oxygen gases, the 
former of which may be seen coming off from the negative pole in 
babbles. Now the human body is a highly complex structure, and, 
being affected by the electric current exactly as water is affected, it is 
decomposed by the passage of electricity. With weak currents this 
process may be but slight, and, since many nutritive processes are 
Rttended by such chemical changes, it has been proven that a mild 
electric current may aid nutrition by hastening or assisting the chemi- 
•See " Electricity ia the Service ot Man." 
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cal changes which are ordiuarilr going on. This efiect of electricity in 
siding ButritioD has been cleverly shown by Professor Tbacher, of 
Yale Collie, who applied the current for a week at a time alternately 
to the two arms of a peri<on auffenng from paralysis, and, by measani 
the strength of the baada at the end of each week by an instrument' 
which recorda degrees of power, he found that the power increased 
ijn>re riipidly in the arm to which the electricity had been applied than 
in the other arm. Thus the gain in size and strength under the use of 
Galvanism oould be shown as follows : 



of 
^nt^ 



(1) Gain in slrength first week (lelt) 17'= 

(2) Gain jq strength souond week (right) 15° 

(8) Gain in strength third week (loft) 7.4° 

Total 89.4° 



k 



That is, the galvanized arm made almost double the progress of thj 
other (1:1.72). In the same person there was no evidence of gain 
from the use of Faradic electricity or from massage. Such results i 
aiding nutrition in the Wiy are due to the increased rapidity of chem 
cal changes caused by the catalytic action of electricity. 

When, however, the current iLsed is strong, the catalytic actioi 
becomes so intense that tissues are destroyed and blisters are raised a^ 
the two poles, the one at the negative pole being filled with alkaline, ' 
and the one at the positive pole with acid fluid. At the same time the 
tissues about these blisters become affected much as if they had been 
burned, and the resulting sores are slow to heal and leave deep, perJ 
manent scars. It is evident, then, that a strong electric current is -v 
destructive to the body tissues. 

This catalytic action is more intense the more concentrated th^ 
curreut, and therefore, in its medical application, small-pointed instrit^ 
ments are used. The action la employed for the decomposition ant 
destruction of new growths, such as tumors, in the body, and in ordoi^ 
to enlarge passages or cavities which have become constricted bjj 
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diseasei It is not, however, generally approved, because its actloii ia 
not accurately limited and ia somewhat uncertain; its after-effects are 
unpleasant; it is extremely painful; and other methods of surgical 
prooedure are far roore precise and successful. This catalytic action 
i also been employetJ to rpmove hairs from the face, a fine needle 
ring inserted at the side of the hair and the current being allowed to 
KSealroy the root from which the hair grows. Here it has proved of 
service, and if carefully employed it leaves no scar. 

Since a certain amount of catalytic action is always attendant apon 
the passage of a current through the body, the use of electricity must 
always be considered as injurious unless proper precautions are taken 
to avoid the strong currents which do harm. The reckless handling of 

«x:tnc butteries, or the giving of shocks by those who have no pur- 
ee excepting to amuse, ia therefore to bo avoided, and the danger of 
aching a wire used in electric lighting cannot be too strongly urged, 
as the strong current may disintegrate the body tissues so rapidly as to 
destroy life in a few seconds. 

^(2) The second action of a continuous galvanic current is to move 
ng with it the Huids which lie in its path. This is called its cata- 
pooric action. 

If a jiartition of parchment be fitted in a bowl, and two fluids, one 
ealty, be poured inln the compartuienis, and if the positive pole of a 
tettery be put in the salty fluid and the negative pole in the other, the 
sctric current will carry the sally fluid through the parchment into 
J other compartment, and there the fluid will rise to a higher level, 
the passage of fluid through the parchment is called osmosis. Such 
interchange of fluids through the membranes of the body forms an 
■portaot part of the process of nutrition and uf growth. As elec- 
ioity will promote osmosis it may increase the nutrition of the parts 
^ which ii is applied. 

A practical application of the cataphoric action of electricity has 
Kenily been made. It is well known that a solution of cocaine 
^lied to mauv of the lis.sues makes them insensitive. If a drop be 
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put ia the eve the eyeball can be touciied without causing a wink. 
But cocaine does not affect tlie surface of tlie skiu, and to render tliia 
insensitive the drug must be applied to its under-surface. This is 
usually doue by hypodermic injection. Bat it has been discovered 
that an electric current may be used to carry the cocaine through the 
skin, and llius render it insensitive. This ia done by applying ihe 
cocaine on the positive pole or sponge of the battery and placing this j 
over the part to be rendered ansesthetia The success of this experi-. 
ment proves that the galvatiic current will carry fluid substance^ 
through the skin and into the body. This method, though ingenious,'! 
has not been widely employed, because it is more painful and less coin 
venient than the method of hypodermic injection. It is used, lioweveij 
to quiet the pain of neuralgia. Medicines have been administered i 
this way in medicated electric baths, but it has been found impossible 
to regulate the amount given, and hence they have fallen into disuse, 

(3) The last effect of the voHaie current when passing is to product 
under each pole a peculiar molecular state of the tissues termed electw] 
tonus. Inasmuch as the condition at each pole is the opposite of thaf 
at the other, there are two kinds of electrotonus, named respeotivelfl 
anelectrotonuB (anode, positive pole) and katelectrotonus (kathode, n^ 
tive pole). The condition at the anode is one of diminished excita 
bility ; that at the kathode is one of increased excitability. 

This is the only effect of the electric current which continues aftoi 
the current ceaaes to pass, and it may last for a considerable tima 

It is a property of living tissue to be excitable to several kinds a 
stimuli, mechanical, physical, or chemical ; and the excitability ^ 
from time to time. There are times, for example, when one feels i 
table and uneasy; there are other times, after a good meal, when thei 
ia B sense of comfort and rej>oae. What is true of the organist 
whole is true of its constituent parte. And it is one of the powers a 
electricity to produce in the molecules which make up the i 
organs changes of irritability in one direction or the other. Thee 
changes are greatest in intensity near the poles and diminish at I 
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distance from tlem, so tbat at a point in the body half way between the 
poles one effect ia neutralized by tbe other. 

Il 13 well proven tlal this electrotonic effect is quite intense in its re- 
sults upon the circulation, that it stimulates it, and thereby has a bene- 
ficial effect ia promoting nutrition. To it are ascribed what are known 
as the refreshing effects of an application of electricity, the sense of io- 
vigoration and comfort that follows the use of a general mild current 
applied to the entire body when fatigued. Such an effect is quite com- 
parable to the restoring effects of a swim on a hot summer day— and 
tbe latter is a less expensive luxury than the former. 

To the quieting effect produced by the positive pole of the current is 
due the relief of pain which follows its application. For it is gener- 
ally admitted that in many painful affections of a nervous or muscular 
character the application of a mild continuous voltaic current, with the 

^&ole upon tbe painful part, affords prompt relief. 
I The quieting or exciting effects of electricity would be of ranch 
greater advantage in the practical use of the agent, however, if they could 
be more exactly controlled. It is found, unfortunately, that after a cur- 
rent has passed through the tissues for a time and is then stopped that 
a condition ensues under the i-espective poles which is just tbe reverse 
of (be former state. Thus under the anode, where excitability had been 
quieted, il is now greath" increased above the normal, a complete reac- 
tion having taken place. Hence the anode may fail to relieve pain per- 
manently, though quite effective for a time. And under the kathode, 
where excitability had been increased, there ia at first a quieting effect of 
very short duration followed by a renewed condition of irritability more 
intense even than the former stata Ilence upon the cessation of passage 
of a current there remains at both poles a state of excitability. Tbe pas- 
sage of the current ia therefore stimulant in its general and its local 
effects. It is this stimulant effect which causes tbe increased circulation 
already alluded to and tbe sense of invigoratiou. It isperceptible in the 
redness and beat of tbe skin under both poles, which remains for some 
time. And it undoubtedly has a decided and pe rm a uent effect upon the 
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elasticity of the walls of the blood- vessela, for if, several houre after 1 
application of electricity, and loDg after any redness of the skin 1 
passed away, the limb be placed in a warm bath, the reilness at once t 
turns in the parts to which the poles have been applied. 

It ia upon this electrotonic effect upon the tissues that great stresB^ 
has been laid by those who employetectricity in the treatment of disease. 
It must be admitted that the effect ia produced and that it has some dura- 
tion. Whether it ia of a kind to afEect beneficially the various changes 
in living tissues which occur in the different forms of disease in which it 
has been employed is an open question, and one upon which the exper- 
ience of physicians leads them to differ. 

Tlie iiilerrupted voltaic currenL It has jnst been stated that on f 
ping the current aa it passes an increased state of excitement cau be ij 
duccd in the tissues. If it is desired, then, to produce excitement, 1 
result cau be reached by making and breaking the circuit alternate 
thus producing an " interrupted current" Or, if a great increase in t 
irritation is sought, the current can be reversed rapidly, so that a partQJ 
the body may be thrown alternately into a state of anelectrotoniis ao^ 
katelectro tonus, each being used to rcenforce the other. Such revei 
of the current is termed a "voltaic alternative," and is most intense i 
its effects, producing more severe shocks to the body than any othQH 
procedure; 

The excitement produced by an interrupted or an alternative coi 
rent is employed very extensively in the treatment of paralysis, for byl 
muscles may be made to contract when they are incapable of voluota 
exercise. By the same means impulses may be sent along nerves. 
is the sudden change of state in the muscle or nerve caused by theelectr 
shock which throws it into action. The passage of a continuous cul 
rent does not have the same effect. The interrupted current, therefoM 
differs from the continuous current in its action on the various org 
It appears to have the power of setting them to work, and this eSed 
is of considerable interest. 

When an effort ia made to close the hand there are several t 
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gone through with. There is an act of the will directing the character 
of the movement to be made. This takes place in the brain. It is 
transmitted along the nerves, from the brain to the muscles, as an im- 
pulse. Then there is a contraction of the muscles producing the desired 
motion. Now, each of these processes can be set going by an electric , 
shock. Thus if the current be applied to that part of the surface of the 
brain which controls movements of the hand, the motion is made just as 
if by act of will. Or if the current be suddenly applied to the nerve in 
the arm, an impulse is there started which also travels to the muscle and 
causes the hand to close ; or if the current be suddenly applied to the 
muscles of the hand directly, and not through the nerve, the hand again 
will close. It is evident, then, that the electricity will produce the same 
eflEect as the will-power, no matter whereabouts it is applied in the motor 
apparatus. 

Sensations are also produced by the interrupted current Tickling 
or numbness, or heat or pain, is felt at the point of application of the 
electric poles on the skin of the hand according to the strength of the 
current K the current be applied to the nerve in the arm which comes 
from the skin of the hand, the same sensations are felt in the hand. 
This is because the hand is joined to the brain by nerve-threads, each 
part of the hand being joined to its own particular area of the brain, so 
that one can imagine a little map of the hand projected on the surface of 
the brain, and all sensations from the hand are perceived in this little 
area of sensory brain-surface. Now as all sensations reaching that brain- 
surface have in one's experience come from the hand, when a change of 
state is produced in that brain-area it is perceived as a sensation and re- 
ferred to the hand. Hence when an impulse started by electricity in the 
nerve-threads from the hand arrives at the brain a perception follows, 
and the sensation is referred to the hand, the brain having no means of 
correcting its false impressions except through the aid of other senses. 
It is because of this fact that people have sensations in amputated limbs 
long after the amputation, and also for this reason that imaginary pain 
is really as severe as any other. Electricity, then, sent through a sensory 
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nerve will produce changes of state in ibe brain which we know as se 
sations of touch, temperature, or pain. 

The game ia true of the sensorj- nerves of sight and hearing ai 
amell and taste. If a current be sent through the eye we see a. flash of 
light. If the experiment be conducted in a dark room, it will be fonnd 
that wten the negative jjole ia applied to the eye and the current i 
sent, a whitiah-yellow light is seen ; when the current is stopped, \ 
bluish light is seen ; when the positive pole is applied to the eye i 
the current is sent, a bluish light is seen ; when the current ia 3topp< 
a whitish-yellow light is seen. Here, then, is an ocular demonstratioi^ 
not only that electricity affects the optic nerve, but also that the polod 
differ, and that closing the circuit at the positive pole and opening tb^ 
circuit at the negative pole are similar in their results. If a current b#-" 
sent through the ear, a noise will be heard when the negative pole is 
put on the ear and the current is closed, also when the positive pole is 
put on the ear and the current is opened. The acoustic nerve lies so 
deep that- these effects are only obtaiued by strong currents. When a 
current ia going through the bead at any point a decided metallic taste 
is perceived in the mouth, which ia acid at the positive pole and salty 
at the n^ative pola It ia said that the olfactory nerve may also be 
excited by the current, which is then smelt as well as tasted. 

All these experiments show that when a shock is given to a e 
sory nerve an impulse is sent to the brain and there produces a cbaii{ 
of state which ia perceived as a sensation. The kind of sensation i 
ceived depends upon the part of the brain affected, since each part hn 
its own function. The functions of the brain may therefore be set i 
action by electricity reaching it through the nerves. 

But the same is true if the electricity be applied directly to ths 
brain-surface. This direct application can be made in animals, and hai 
been made in man when, by a fracture of the skull, the brain has 1 
laid liar& Sensations of Hght, sound, touch, taste, and smell are thea 
perceived, just as when they were excited by its application to l 
sensory organs or to the nerves from the organs to the brain. 
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The drfferenoe of effect when different parts of the brain are excited 
affords one of the manv proofs that each part of the brain has its own 
particular work to do. And. as a matter of fact, the earliest experi- 
ments which led to the discovery of the localization of brain-fanetions 
were made bv the application of electricity to the brain. Since this 
theory is now established, and is being practically applieil in the detec- 
tion and localization of brain-diseases and in the successful reinoval 
of brain-tumors, the discovery that interrupted electrical currents can 
set the brain in action has been one of real importance to medical 
science, and has resulted in the saving of human life. 

Another important fact in this connection is one of more interest to 
physicians than to others. It is the fact that in certain diseases the 
muscles and nerves lose their power of l>eing excited by rapidly inter- 
rupted electrical currents such as are produced in a Faradic apparatus. 
This fact is used by physicians as an aid to diagnosis. For it enables a 
paralysis due to disease in the nerves to be distinguished fn>m j^aralysis 
due to disease in the brain. It also serves to expose those whose 
object it is to deceive. Lazy soldiers in the army, lazy criminals in 
prisons, and chronic loafers in hospitals, who do not want to work, 
often feign paralysis and plead inability to move, and by this test it 
is possible to expose the deception. 

During the last few years, since electric lighting has been intno 
duced generally, the newspapers have published from time to time 
accounts of serious accidents due to electric shocks received from the 
wires. In such cases the wire, which has not been properly insulated, 
has come in contact with some part of the body, and the electric cur- 
rent has passed through the body into the earth. The currents used in 
lighting are several hundred times greater than those which can be 
safely applied to the body. Therefore the shock received is enormous, 
and the sudden chanere of state in the molecules of the bodv is so 
severe as to arrest all vital processes. Very serious results are caused 
by such shocks. Usually the individual is killed instantly. Some- 
times he is only stunned for a time, and then he becomes delirious, and 
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aubsequentlr be is found to have paralysis or blindness or epilepsy or" 
even insanity. The most serious forms of nervous disease may be pro- 
duced by such a sudden change of state iu the molecules of the body. 
And the fact that it is a molecular effect is proven by the lack of any 
evidence of disease in any of the organs when examined with thft 
microscope after death. The shock seems to suspeod all vital activity 
in the finest cells without lacerating or destroying the different organai. 

When the fhock is received from a continuous current and tbU 
passes for a few momenta through the body the tissues may be BevereTj; 
burned, and sometimes hemorrhages are found in the brain and othei 
organs. "When it is the alternating current which kills, no such effectg 
are found. But as the shock in the latter case is more severe, deatb f 
more common in accidents from alternating currents. 

The fact that death may be instantly caused by a severe electric sha 
has led to the proposition to use electricity in capital punishment, aoc 
it is well known that a commission of experts, after careful esperimenU 
have indorsed this method, which has accordingly being adopted in s 
eral States. The method employed in the experiments in Mr. Edison'ft 
laboratory is to attach the two wires to any part of the animal's body^ 
and then by closing the circuit, either with an ordinary key, which may 
Ite moved by the hand or by clock-work, or by a hammer, to send t 
current through the body of the animal. It was found that an altemafr 
ing current of seven hundred and fifty volts was sufficient to kill a hors 
weighing 1,230 lbs. instantaneously, death being apparently painlefl 
There can be no question that such a method of execution is more oe 
tain,* more suddeu, and less offensive to spectators than that of banginj 
and therefore it should be universally adopted in criminal execution. 

in. The third form under which electricity appears is the i 



* That the first attempt In put the law into effect resulted in n horrible 
does not invalidate the statement made in the test. It merely demonatrates the 
Bitj for a more careful construction at Hjiparatus under the direction of electrioi 
ej[|>orlB. Much more revoliinR scenes have occurred many times at esecations by 

methods. 
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or magnetic current known as Faradisnu The interruption in a verv 
weak voltaic current is employed to produce a strong induced current 
in a coil of wire,* and this induce<i current is then applied to the Ixxly. 
It does not appear to have any catal vtic or cataphoric action, Xor can 
it be said to have either an anelectrotonic or a katelectnnonic etfeot, 
because there is reallv an alternation of the two as in the voltaic alter- 
native. It has about the same effect upon the body as a voltaic alter- 
nating current and may be employ e<L as this is, to stimulate the nerves 
and muscles, to increase the circulation, and possibly to aid nutrition 

generally. 

The induced current can be produced in an apparatus much smaller 
and more easily portable than any other current Hence, whenever such 
effects as it will cause are desired, it is the one employed as a matter 
of convenience. Its limitations, however, are manv, and hence it is less 
frequently used for medical purposes than the voltaic current The fact 
that this current is induccil by magnetism should not l)e taken to imj^ly 
that bv it ma«rnetism can Im? made to act on the liuman Ixniv, The 
most careful experiments have shown that the human Ixxly is as com- 
pletely insensitive to magnetism and as wholly unaflfectetl by it as a piece 
of rubber or of wood. A person may stand Ix^tween the jx)les of the 
strongest magnet, one which might hold up a ton of iron, without the 
slightest perceptible effect upon any of the Ixxlily functions being 
produced. Hence all so-called magnetic appliances, brushes, or combs, 
disks, belts, and magnets have absolutely no curative power whatever. 
A few of these may, by friction, produce static electricity. Some are so 
constructed of two kinds of metal that on contact with the skin, whose 
perspiration is acid, a very weak voltaic current is prtxluceil. scarcely 
sufficient, after several hours, to redden the surface. The majority of 
the effects pro<luced by such contrivances are due, like those of the static 
current, to expectant attention rather than to any action of the agents, 
which careful investigations have shown to be inert. 

♦ For the means of production of the induced current the reader is refem^J to th*» 
first chapter. 
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Tbe writer oQce demanded of the agent of a widely advertise 
" electric belt " aome proof that an electric current was produced by i^ J 
and suggested tbat any sucli current could be detected by means of a I 
galvanometer. This test was objected to, but a little frame holdinjjj 
a dozen pockel-compasses waa at once produced, and the power of tha>I 
belt, wbich doubtless contained some iron plates, to attract the aeedles 
of these compasses waa shown aa proof of the proiiuction of electricity 
in the belt Probably many who were ignorant nf the difference 
between electricity and magnetism had been deceived bv this so-called- 
test. 

Not infrequently there is seen upon the atreeta an electric macbins 
with ringing bells, and a large index adorned with a sign that "elet 
tricity is life." The man in charge invites the passer-by to teat his powoT' 
of taking electricity, and to any one who stops he relates mai'velloni) 
stories of the strength displayal by aome one who has jiist gone on, and' 
the wonderful curea wbich he has made. Such machines are usually 
Faradic batteriea, and when one takes hold of the handles the current 
ia fitrong enough to cause the hands to close forcibly upon them, s& 
that he cannot let go. Tbe current can, of conrae, be increased up to (h 
painful point The strength of the current will be determined by tliQ 
distance to which the outer coil of wire is moved over the inner coil^ 
as in any Faradic battery. The index in such a machine has no rela- 
tion to the atrength of current, and is manipulated by a screw in tbe 
handa of tbe exhibitor. It ia therefore a fraud, and does not indicate 
the strength of current used. There is really no limit to the amount of 
current which one can endure except a limit in the pain wbich can be . 
homa Currents received from such a machine or from any battery i; 
thia manner can never be specially beneflcia], as they only prodii< 
a local effect upon the hands and arms, and when these are paralya 
the current ahould be applied to the weak muscles. 

While it is evident, from the review of the various effects of t 
different forms of electricity upon the body, that some of the effects a 
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powerful, it is also evident that they are only beneficial in so far as 
they increase nutrition. The curative powers of electricity are really 
very limited, and have often been exaggerated by those to whose inter- 
est it is to urge them. 

Certain electrical instruments have recently been introduced into 
medical use which deserve mention. The electric light is so brilliant, 
and yet can be produced in such a small space without the danger of 
burning, that it has long been used for illuminating purposes by 
physicians. It can be introduced into the mouth, or even into the 
cavities of the body, such as the stomach, enabling the observer to see 
objects otherwise invisible. Its light can be reflected into the eye or 
ear or nose very conveniently, since the source of light can be moved. 

Another electric instrument is the micro- telephone or phonoscope, by 
which very slight sounds may be detected and magnified. The sounds 
of breathing and of the heart may thus be made audible; also the 
sound produced by the contraction of a muscle, and even the sound of 
the pulse in the wrist may be heard. Such instruments are, however, 
too delicate and require \x>o nice adjustment to be generally used. 
A sound, however, having been recorded by the phonotjjraph, may he 
subsequently made audible to a large number of persons through the 
graphophone, and this method has been employeil by teachei's in the 
instruction of medical students. The phonograph has also been used 
to record the sounds of coughing. Coughs vary in sound in different 
diseases, and by producing all the different coughs from the grapho- 
phone students may bo taught to recognize the differences. 

An electric probe or explorer has been invented for the detection of 
bullets in the body. There are several kinds of these explorers. Some 
are introduced into a wound like a probe, and consist of two fine insu- 
lated wires bare at the tip and connected with a battery. When the 
tip comes in contact with the metal bullet the electric current is com- 
pleted between the wires, and a bell is rung, or index moved, by the bat- 
tery. Others are constructed on a different principle The presence of 
a metallic body near a delicate induced current is enough to change that 
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current slightly by magnetism. An instrament has been constructed 
which will indicate the presence of a bullet deep in the body when 
the instrument approaches the right place. Such an instrument was 
used in the case of President Garfield, but it is said to have misled 
because of the magnetic effect of the metallic bed-springs upon it, a 
source of eiTor which had not been considered. 

Electrical instruments are also used to detect very slight differences 
of temperature in the body — a change of one hundredth of a d^ree 
Fahrenheit being easily shown by a thermo-electroscopa As such 
minute changes of temperature are constantly going on in health and 
are of no importance whatever for diagnostic purjx)ses in disease, this 
instrument has been discarded, though charlatans have employed it to 
impress the wondering public by claiming to detect "congestions" 
which were imperceptible to the thermometer. 

Electrical engines or small electro-motors have been employed by 
surgeons to run small circular saws for cutting bone, and in very deli- 
cate operations, such as those about the bones of the face or nose, they 
have been found very useful. Dentists use these motors in this man- 
ner constantly. The little saw can be held like a pen in the fingers and 
revolved at a high rate of speeil by the electric motor, to which it is 
joined by wires. 

The electric cautery is also widely used by surgeons, a delicate wire 
being heated to a white heat and touched to the spot which is to be 
burned. 

These are some of the practical adaptations made in the construc- 
tion of medical instruments, and in the future many other useful 
devices may be expected. 
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